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EXPERIMENTAL FUNCTIONAL SEPARATION OF DOG LUNGS 


W. AnprREw DALE, M.D., AND HERMANN Raun, PH.D. 
Rocuester, N. Y. 


HE large cross-sectional area of the tracheobronchial tree of the dog enables 
various endotracheal tubes or cannulae to be passed relatively easily into 
the main or smaller bronchi, either through the larynx or via tracheotomy. 
Complete airway separation of the two lungs of dogs is difficult, however, be- 
cause of the short distance between the carina and upper lobe bronchi. This 
problem is illustrated in Fig. 1 by showing the anatomic relationships of 
the trachea, carina, and the main and lobar bronchi of the dog. The drawing 
consists of the average dimensions of twelve dogs whose trachea and lungs 
were removed and dried under continuous air pressure, thereby avoiding the 
shrinkage which ordinarily occurs with drying. Fourteen different dimensions 
were measured in each preparation and the average measurements used to 
draw Fig. 1. 

It is to be particularly noted that there is an extremely short distance 
hetween the earinal bifureation and the origin of the lobar bronchi to the 
upper lobes. The left upper lobe bronchus originates 1 em. or less beyond 
the earina, while the right upper lobe bronchus originates almost opposite the 
carina. It is evident that effective lung separation ean only be achieved by: 
(1) a device separating the air streams at the carina or (2) by cannulation 
of the left main bronchus. The ordinary double lumen catheter used for hu- 
man bronechospirometry is not satisfactory in the dog because the left main 
bronchus is too short for proper seating of the inflated balloon. 

Several methods for lung separation have been used in this laboratory, 
and this experience has led to development of the devices used at present. 
A summary of experience with these devices follows, with a brief discussion 
of the advantage and disadvantages of each in our hands. 

1. Wright Tracheal Divider.—This bilumen metal tube (Fig. 2, @) was pre- 
pared here according to the specifications of Dr. George Wright of Saranac, 
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New York. It essentially consists of two thin-walled brass tubes soldered 
together with distal ends flared so that these ends just enter the main bronchi 
beyond the carina. A smaller metal tube soldered into the groove between the 
two main tubes conducts air pressure to a carefully molded balloon which 
encircles the distal end of the apparatus. This balloon is designed to press 
tightly against the tracheal walls as well as the carina, thus separating the 
gas flow of the lungs. The divider is maintained in position by rubber bands 
stretched between the proximal side vent tubes and the animal’s canine teeth 
to force the tubes and balloon continually caudad to ensure a tight seal. The 
entire divider is therefore passed through the larynx and impinges upon the 
carina, obviating tracheotomy. 

Fig. 1, a@ shows this divider in place in the seale drawing of the average 
dog. It may be seen that the right upper lobe bronchus lies just beyond the 
balloon, even proximal to the metal tip, so that it may become obstructed. 
This and slipping of the tight carinal seal necessitate careful adjustment of 
position of the divider initially as well as proper maintenance of position dur- 
ing an experimental procedure. It is important to obtain proper oxygen con- 
sumption values for each lung prior to and after any experiment which as- 
sumes the divider is properly in place. 


Mediast. 


Mediast. 


Fig. 1.—Scale drawing of trachea and bronchi from fourteen separate measurements i: 
each of twelve dogs. In @ the Wright divider is in place, while in b the bilumen plasti: 
catheter is tied in. Upper, middle, and lower lobe bronchi are labeled U, M, and L, r¢ 
spectively. In addition, there is the mediastinal lobe bronchus on the right side. 


Further disadvantages include difficulty in making and properly fittin: 
the balloon, frequent balloon leaks, and the necessity to replace the balloo: 
after a few experiments. With experience, however, it was possible to plac» 
the divider rapidly and to maintain separation of the lungs so long as ther 

was no large pressure difference between the lungs. In certain experiments” * 
the Wright tracheal divider has been very satisfactory and is still used rov- 
tinely in this laboratory for certain types of experiments. It has the a - 
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vantage that animals are not harmed by the procedure and can be used as 
often as twice weekly. Analysis of the relative oxygen consumption and ven- 
tilation of the two lungs using this device indicated close correlation with the 
fractions of the weights of the two lungs, namely, 60 per cent for the right, 
and 40 per cent for the left lung. 


A 


» 


Fig. 2.—Devices used to separate lungs: a, Wright tracheal divider; b, Van Allen 
latable endobronchial cannula; c, transthoracically placed endobronchial cannula; and d, 
lumen plastic cannula. 


2. Van Allen Dilatable Cannula.—Attempting to use a method which would 

. gastight under pressure, a cannula was made according to the design of 
\an Allen.? Fig. 2, b shows the apparatus constructed according to that design. 
“he long brass tube has umbrella-like vanes at its distal end which may be 
¢ panded within the bronchus by means of a screw mechanism actuated from 
t e proximal end protruding from the animal’s mouth. It was difficult to 
1 ace this and maintain it within the left main bronchus, although this could 
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be done in a lobar bronchus. Agdition of an inflatable balloon did not serve 
to anchor the device properly in the main bronchus, and with continued failure 
at this site, attempts were ended. 

3. Transthoracically Placed Endobronchial Cannula——A small series of 
animals were prepared by tying a large lumen plastic cannula (Fig. 2, c) within 
the left main bronchus after severing it from the trachea within the chest and 
closing the tracheal defect. With care the trachea could be made airtight 
The cannula was then led out the chest wall, in various positions, both an- 
terior to and posterior to the aorta or its arch. Invariably the cannula tip 
impinged against the left pulmonary artery, either entirely or partially block- 
ing its blood flow (determined either by inspection or by oxygen consumption 
study). The device was therefore discarded. 

4. Bilumen Plastic Endotracheal Cannula Tied Within Left Main Bron- 
chus.—This method was eventually devised and in our experience surpassed pre- 
vious ones in most respects. The cannula was easily made of two Tygon plastic 
tubes whose distal ends were bound together with adhesive tape over a Lucite 
form lying between. A metal tip protruded from within the end of the longer 
side (Fig. 2, d) with a groove to permit a ligature to lie in place. <A balloon 
about the distal end could be inflated by means of pressure via a small poly- 
ethylene tube. Fig. 1, b shows this device in place in the seale drawing of the 
average dog, the longer tube projecting into the left main bronchus where it 
is tied securely, the shorter tube lying in the trachea and serving the right 
lung. 

This bilumen plastic cannula was placed through a tracheotomy and the 
balloon inflated to allow intermittent pressure during the ensuing thoracot- 
omy. The animal was then placed left side up and the left thorax entered 
through a high intercostal incision. After opening the mediastinal pleura an- 
terior to the aorta and posterior to the left vagus nerve, the left main bronchus 
was bluntly dissected up out of the mediastinum and the tube pushed down 
into it. A heavy silk suture was tied about the metal tip lying in the left 
main bronchus to retain the tube exactly as placed. Prior to closure of the 
chest the left tube was temporarily disconnected from the pressure source to 
ascertain that the upper lobe bronchus was not obstructed and that the lobe 
would collapse as pressure was removed. Occasionally the tube was changed 
to a more proximal position when this occurred. The chest was then closed in 
layers about a catheter in the pleural space which was used to remove pneu- 
mothorax air at conclusion. 

After some experience with this method the preparation could be made 
in an average of thirty minutes, often in less time. The animals survived in 
good condition under anesthesia until sacrifice as long as eight hours later. 
There was no instance of mucus plugging of the tubes. Once the tube slipped 
out of the ligature, and was replaced successfully by reopening the chest. 
Once in place the animals could be moved or turned as desired with assurance 
that the lungs were separated not only from each other but also from the 
outer air. In twelve instances data were obtained for the right and left lung 
tidal volumes and oxygen consumptions. The averages are indicated in Table 
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I, with comparative figures obtained by the Wright tracheal divider method 
in nineteen animals by Rahn and Bahnson.? Both series were obtained in this 
laboratory and our evaluation indicates that they are comparable within sta- 
tistical limits for small series. 

The chief disadvantage of the bilumen plastic tube method is the neces- 
sity for sacrifice at termination of experiment, since nonsterile conditions 
were always used. With additional time and care it is thought that the ani- 
mals would survive placement and later removal. A survey of the relative 
costs indicated sacrifice to be as economical when aftereare of a surviving 
animal was considered. 


TABLE I. Fractions oF Toran, TIDAL VENTILATION AND TOTAL O, 'MPTIONS OF THE 
RicHt Lunes or Dogs Usinae Two LUNG SEPARATING DEVICES 


| | TIDAL RIGHT 0, CONS. RIGHT 
SERIES | NUMBER | (PER CENT) Pemrascioces 


Bilumen plastie cannula 12 50.3 56.1 
Wright divider (Rahn, Bahnson2) 19 57.5 


CONCLUSIONS 


1. Experience with methods of functional separation of dogs’ lungs is 
summarized. <A bilumen plastic cannula with one tube tied within the left 
main bronchus and the other lying in the trachea is at present our method of 
choice for lung separation experiments where differential pressures are to be 
maintained between two lungs. This method allows easy preparation, effee- 
- tive seal and division of airways, and observations in any position for many 
hours without mucus obstruction. It is the only one of the devices available 
which allows one lung to be maintained at very high positive or negative pres- 
sures in relation to the other. 

2. The ventilation and oxygen consumption fractions of the two lungs by 
this method compare favorably with those previously obtained by other methods. 

3. A seale drawing of the tracheobronchial measurements of twelve dogs 
is presented, indicating the large lumen but small interbifureation lengths of 
the dog bronchi. These anatomic features are important considerations in 
the design of cannulas for dog lungs. 
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ADDENDUM 


Since the acceptance of this article, the following description of a bilumen cannula has 
heen found: Churchill, E. D., and Agassiz, A., Am. J. Physiol. 76: 6, 1926. 
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VENTILATION OF THE OPEN LUNG DURING UNILATERAL 
EXPERIMENTAL ATELECTASIS 


W. Anprew Date, M.D., AND HERMANN Raun, Pu.D. 
Rocuester, N. Y. 


REVIOUS studies in this laboratory have reported our findings concerning 

the principles governing gas absorption from the blocked-off lung in the early 
phase of atelectasis,’ the evolution of more satisfactory methods for separation 
of dog lungs to allow individual lung function experiments,? and the effects 
of atelectasis of one lung upon the volume and the pressure-volume relation- 
ship of the contralateral lung.* 

The present study was made to evaluate the causes which precipitate 
rapid changes in the frequency of breathing and contralateral tidal volume 
increase whenever unilateral atelectasis is produced experimentally. Similar 
changes may be observed in human beings with sudden atelectasis (particu- 
larly when this is of major degree). 


EXPERIMENTAL DESIGN 


Directly following a major degree of atelectasis such as that of an entire 
lung, the pulmonary tissue available for gas exchange is markedly decreased. 
One would assume that adjustments in ventilation would follow, probably in 
the direction of increased ventilation of the open lung. Observations of ex- 
perimental animals indicate that this does oceur and ean be measured in terms 
of inereased rate of respiration, inereased tidal volume, and a larger minute 
volume of the open lung. In fact the minute volume of the one open lung now 
becomes larger than the total minute volume of both lungs prior to atelectasis. 
This increase in total pulmonary ventilation might be attributed to var- 
ious mechanisms acting alone or together. First, previous experimental data 
have indicated an immediate contralateral tidal volume increase following uni- 
lateral atelectasis, due to the ‘‘mechanieal effect’’ of blocking one bronchus.” 
The mechanical increase does not, however, explain all the increase in con- 
tralateral tidal volume that occurs. It has been apparent that besides this 
immediate change which follows upon bronchial occlusion, there is a slow in- 
crease in tidal volume to approximately twice that of the control level. Thus 
all of the tidal increase is not due to the ‘‘mechanical effect.’’ Furthermore 
the mechanical effect cannot explain the increase in rate of respiration. 
Two other factors may be considered, namely, reflex changes probably 
mediated over the vagus nerves and blood chemical changes acting on th: 
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respiratory center. Experiments were therefore designed to test the effect of 
unilateral atelectasis with vagi intact and blocked (or eut), and others to 
learn the results of atelectasis when the blood flow through the pulmonary 
artery bed in the atelectatiec lung (resulting in a shunt of high CO, and low 
O, blood from venous to arterial circulation) was blocked. 

It was also thought that the increased work of ventilation (respiratory 
and cardiac components) during atelectasis might be measured in terms of 
total oxygen consumption. This was therefore measured before, during, and 
after unilateral atelectasis. 

METHODS 


Mongrel dogs were anesthetized with intravenous Nembutal (.026 Gm. 
per kilogram) mixed with .0003 Gm. atropine sulfate, with subsequent injec- 
tions given as necessary to maintain the proper plane of anesthesia. Non- 
sterile operative technique was used and each animal was sacrificed at the 
conelusion of the experiment. Each animal was prepared for individual lung 
study by a method described previously.? Briefly, this consisted of tying the 
long end of a double lumen endotracheal plastic tube into the left main 
bronehus during open thoracotomy, so that this lumen of the tube carried air 
to the left lung, while the other lumen lay in the trachea above and furnished 
ventilation to the right lung. After thoracotomy closure, pneumothorax was 
aspirated by a tube which was then removed. Further preparation varied with 
the plan of the individual experiment. 

Vagus nerve block was obtained when desired by cooling both nerves after 
their cervical exposure. Each vagus nerve was dissected gently and laid in 
a copper tube coil through which ice water could be pumped from a reservoir 
as desired. Rapid cooling and resultant nerve block occurred within one min- 
ute as evidenced by loss of Hering-Breuer reflex when the chest was com- 
pressed, or by the absence of respiratory changes when the nerves were cut 
while being cooled. Rapid reversal of cooling was effected by passage of 
water at 40° C. through the system. 

pH determinations of the arterial blood were obtained from continuous 
‘flow through a blood electrode assembly (Beckman model 290-31) immersed 
in a constant temperature water bath at 38° C. The electrode was connected 
on one side by a polyethylene catheter to the femoral artery and on the other 
side to the femoral vein. The animal thus pumped blood continuously through 
‘he electrode chamber immersed in the warm bath, clotting being prevented 
by heparinization (200 mg. initial dose plus 100 mg. every two hours). Prior 
‘o each experiment the pH meter was standardized against a pH 7.00 standard 
it 38° C. pH sensitivity was attested by the minute galvanometer needle 
Juetuations which occurred with each respiratory cycle. By this method pH 
lata were obtained easily for as long as five hours and in these experiments 
vere recorded every two minutes. 

Unilateral pulmonary arterial blockade was obtained in one of two ways. 
nitially an indwelling catheter with attached balloon connected to a side 
umen was passed through the jugular vein, right heart and left in place in 
‘he left main pulmonary artery.’ Position was checked fluoroscopically. By 
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inflating the balloon the left pulmonary artery could be blocked. Since there 
was a possibility that the balloon might slip down into a distal branch of the 
pulmonary artery, a second method was used later, by which the whole artery 
could definitely be blocked and released. A heavy silk tie was placed loosely 
about the left main pulmonary artery and tied into the posterior thoracic 
wall tissue. Several long silk ligatures were then passed about the artery 
and led out the chest wall. When pulmonary artery occlusion was desired a 
long ligature was pulled up tight and clamped outside the chest wall. Re- 
lease was accomplished by cutting and pulling out the suture. Subsequent 
arterial block was effected by repeating this maneuver with a second long 
suture and so forth. 

Atelectasis was obtained either by blocking the left lung eannula or by 
rapidly aspirating all gas from the left main bronchus cannula lumen and 
clamping the end. At conclusion further unsuccessful attempts to remove 
gas ensured that no leak had occurred. 

Standard metabolism machines containing CO, absorber could be con- 
nected either to one or both lumens of the bronchial cannula to allow measure- 
ment of O, absorption, rate, tidal volumes, and minute volumes. 


RESULTS 
The results 


Fifty-eight experiments were performed on forty animals. 
may be divided into two groups. 

1. Complete O. consumption data were obtained during the development 
of atelectasis in nine experiments on seven animals. Initially both lungs were 
connected to spirometers and the O, consumption of each lung measured over 
a minimum period of ten minutes. The final ten-minute period before initia- 
tion of atelectasis served as a control. Left lung atelectasis was begun by 
bronchial occlusion and right lung O, consumption determined for a minimum 
period of thirty minutes. Left lung atelectasis was then reyersed simply by 
removing the clamp from the left main bronchial cannula and allowing the left 
lung to resume function and to reaerate. O2. consumption in both lungs was 
measured then for a minimum period of twenty minutes. Fig. 1 illustrates 
the averaged findings. During the latter part of the control period the right 
lung O, consumption was about 50 per cent of the total. When left atelectasis 
was initiated by clamping the left lung cannula, the right O, consumption as 
indicated by the graph rapidly increased about 50 per cent of its control value, 
then over a six-minute period reached the control total O. consumption value 
and thereafter exceeded this by about 6 per cent. 

When the left lung was allowed to re-expand, the right O. consumption 
rapidly at first and more slowly later returned to approximately preatelectasis 
values. The total O. consumption likewise returned to the control value which 
is indicated by the broken line on the graph. 

2. Forty-nine experiments in thirty-three animals were performed to 
evaluate the vagal reflex and blood chemical control of respiration during 
unilateral atelectasis. The summary of these data (averaged) is indicated in 
lig. 4 as five types of experiments. The respiratory rates and tidal volumes 
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of the right (open) lung as well as the total (calculated) ventilation and pH 
values were measured and are shown as an average value during one set of 
conditions contrasted with the average value when a new factor was added. 
Since in many cases the differences in measurements between two experimental 
procedures were not statistically significant, only the average values have 
been given. These indicate qualitatively the trends as observed.* 


1404 


LEFT LUNG OCCLUDED BOTH LUNGS OPEN 


cc. O, CONSUMPTION / MINUTE 


MINUTES 
Fig. 1.—Average data of nine experiments on seven dogs showing the O2 consumption 
of the right lung before, during, and after total airway occlusion of the left lung. Shaded 


portion indicates right O2 consumption and clear portion between lines, that of left lung. 
Dotted line shows projection of control total O2 consumption. 


DISCUSSION 


O, Consumption of the Open Lung During Unilateral Atelectasis —Im- 
mediately upon left lung cannula occlusion (and initiation of atelectasis in 
the left lung) the right lung O, consumption sharply increased. At the end 
of approximately six minutes the right lung O, consumption reached a level 
equal to the previous control total O, consumption. During the initial period 
of rapid increase in the right lung value, the remaining difference between right 
lung and previous total level is assumed to equal about one-half the left lung 
0, consumption, which rapidly declines toward zero. 

Fig. 2 diagrammatically represents an enlarged portion of Fig. 1, the lower 
portion of which has been omitted. The shaded region represents the average 
oxygen consumption measured by the spirometer connected to the right lung 
before and after atelectasis was induced on the left side by clamping the inlet 


; *The lengthy table of individual experimental data comprising the averages of Fig. 4 
is available upon request. 


462 THE JOURNAL OF THORACIC SURGERY 


tube. The horizontal broken line indicates the total oxygen consumption dur- 
ing the control period. The unshaded area represents the oxygen uptake o! 
the left lung before occlusion. It is about 50 ¢.c. per minute. Immediately 
upon occlusion it is apparently reduced to 25 ¢.c. per minute and six minutes 
later is reduced to zero as indicated by area A. 


120 3 LEFT LUNG ATELECTASIS 
INCREASED 
3 
| 
60 


lo 20 30 
MINUTES 


Fig. 2.—Diagrammatic form of Fig. 1 showing O2 consumption study before, during, and after 
left lung occlusion. (See text.) 


Analysis of the events accompanying lung collapse under these conditions, 
however, provides a different picture and indicates that the spirometer at- 
tached to the open right lung is now not only measuring right lung O:2 con- 
sumption but also is indicating about 50 per cent of left lung O, consumption. 
It has been shown elsewhere* that when gas is removed from the left lung by 
aspiration about 50 per cent of the volume decrease can be accounted for by 
increase in open right lung volume due to a mediastinal shift. It has been as- 
sumed that the remaining 50 per cent volume change is accounted for by in- 
ward movement of the chest wall and cephalad movement of the diaphragm. 
Fig. 3 illustrates these shifts diagrammatically. 

Therefore the sudden apparent increase of 25 ¢.c. per minute right lung 
O, consumption in Fig. 2 represents not only the true right O2 consumption but 
also 50 per cent of the left O. consumption (since this continues until O, is 
completely absorbed from the left lung). Area B in Fig. 2 thus represents 
overdistention of right lung and mediastinal shift, while area A is the ches! 
wall (including diaphragm) shift, and A and B are approximately equal. The 
ascending broken line of Fig. 2 thus marks the true right lung O, consump- 
tion. At six minutes after left lung airway occlusion, the right lung carries 
the total O. consumption and the left lung must be collapsed. This is amp!> 
time if one assumes that the blood flow to the collapsing lung is maintainec. 
The functional resting volume of our dogs is approximately 150 ¢.¢e. and the 
left lung circulation normally removed about 50 ¢.c. per minute in our contre’ 
run. 

Fig. 2 also allows one to compute the total volume of the left lung fror: 
areas A and B. Initially the O. uptake was 50 ¢.c. per minute and was r:- 
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luced to zero at six minutes after occlusion. The integration of this triangle A 
and B is 50 ec. by 6/2 or 150 ¢.c., which would represent on the average the 
esting lung volume of left lung of our dogs at the time of occlusion. 

After six minutes of left lung atelectasis the total O. consumption as 
neasured on the right lung averaged about 6 per cent greater than during 
he control preatelectasis period. The experimental curve in Fig. 1 shows 
hat after atelectasis the total O2 consumption returned almost to a preatelec- 
asis level. This is strong evidence for an actual increase in total O. con- 


umption during the atelectasis, probably due to increased respiratory and 
ardiae work. 


To 
Spiromete* 


Fig. 3.—Schematic representation of partial collapse of left lung based on findings to 
be reported elsewhere.* B represents the volume displacement of the mediastinum by over- 
distention of right lung. A represents the displacement of diaphragm and rib cage as the left 
lung collapses. The total volumes of area A is nearly equal to the volume of area B 


Vagal and Blood Chemical Influences During Unilateral Atelectasis —The 
cata summarized in Fig. 4 indicate that total atelectasis of one lung (produced 
hy aspiration) is associated with increased contralateral ventilation in terms 
of tidal volume, rate, minute volume, and in total ventilation of the animal. 
he inereased open lung ventilation might be due to O, deprivation, inability 
t» clear the blood of CO., or to a reflex effect. 

Since the total ventilation (the minute volume of the right lung alone 
Caring atelectasis contrasted with the minute volume of both lungs when both 
vere open) increased from an average of 3,465 ¢.c. control to 5,180 ¢.c. during 
°‘electasis, the ventilatory efficiency must be much lower during atelectasis. 
| oth lungs exchanged 3,465 c.c. of air prior to atelectasis to obtain almost the 
©:me amount of oxygen for the blood which was obtained during left atelec- 
tosis by the right lung from 5,180 ¢.c. of air. The total dead space has mean- 
vhile been decreased by approximately 50 per cent. Yet the increase in both 
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rate and tidal volume of the right lung is unable to compensate completely 
since the pCO, rises as judged by the fall in pH. The increase in over-all O, 
uptake would likewise require a 6 per cent increase in alveolar ventilation to 
account for the greater air exchange for this O. consumption. 

Chemical Factors.——The function of one lung can be eliminated either by 
acutely cutting off the pulmonary artery blood flow and permitting the ineffec- 
tive ventilation to continue or by acutely stopping the ventilation (atelectasis) 
and permitting the ineffective pulmonary blood flow to continue. In either 
case the contralateral open lung must take over the entire function of gas 


TOTAL 
NO.OF | NO.OF TIDAL VOL.-| VENTILATION| ARTERIA 
SERIES TREATMENT ~ |FREQUENGY/MIN, L 
ANIMALS | EXPTS. mu RIGHT LUNG|LITER/MINUTE | pH 


a) CONTROL 
8) ATELECTASIS 


a) VAGAL BLOCK 


= 6 Je) VAGAL BLOCK 
ATELECTASIS 


a) ATELECTASIS | 


5 6 ATELECTASIS 
VAGAL BLOCK 


10 2030 100 200 


Fig. 4.—Average data of forty-nine experiments on thirty-three dogs to assess the differences 
in open lung ventilation between two sets of conditions, as indicated. 


ay ATELECTASIS 


x 4 13 Ip) ATELECTASIS 
PULM. ART. OCC 


74 75 


© 


exchange by approximately doubling the alveolar ventilation if the earbon 
dioxide tension or pH of the arterial blood is to remain as before. If, how- 
ever, the blood flow through the atelectatie lung is not stopped completely,’ 
then only the CO, level of the arterial blood can be compensated for by hyper- 
ventilation while O, desaturation cannot. The mixed arterial O, level (breath- 
ing O, or air) must fall in proportion to the magnitude of the shunt since the 
hyperventilation would not appreciably inerease the arterial O, content on 
the contralateral side. 

Observations of the ventilation after sudden occlusion of the left pul- 
monary artery in dogs show that the ventilation is increased and partially 
compensated‘ while with atelectasis (Fig. 4, Series II) likewise partial compen- 
sation is observed. In either case one would not expect full compensation 
since this would remove the chemical stimulus necessary for hyperventilation. 


DALE AND RAHN: VENTILATION OF LUNG DURING ATELECTASIS 465 


A compromise must be reached between a lowered arterial pH and a consider- 
able degree of hyperventilation. By occluding the left pulmonary artery 
during atelectasis the created A-V shunt is abolished, thus removing in part 
the chemical stimulation produced by hemoglobin unsaturation and the 
venous CO, contribution to the mixed arterial blood. Series V indicates that 
this has a slight effect on reducing the frequency of breathing and the total 
ventilation. The observed changes in pH are not significant. 

Vagal Factors——The fact that even a slight decrease in the resting volume 
of the lung produces an immediate increase in the frequency of breathing 
has been appreciated for a long time. Although the tidal volume in such eases 
is reduced, the effective ventilation in the dog is usually increased, and it 
would seem that a good share of the observed hyperventilation during unilat- 
eral atelectasis could be attributed to this Hering-Breuer reflex mediated over 
the vagus nerve. On the other hand, a less well-appreciated fact is that sim- 
ply the blocking of the vagi also produces an increased alveolar ventilation 
and this is well illustrated in Series I, where it can be seen that in spite of the 
reduced breathing frequency, the arterial pH is increased. The latter observa- 
tion would suggest a normal inhibitory action of the vagi on the chemical 
drive of the respiratory center and must be kept in mind during the follow- 
ing discussion. In other words, by blocking the vagus nerve during atelectasis 
one does not only remove the newly added stimuli produced by collapse of one 
lung, but also interferes with the normal chemical regulation. 

The typical response to atelectasis is seen in Series II. When the vagi are 
blocked after atelectasis has been induced (Series IV) the response is quali- 
tatively similar to that seen in the normal animal when vagi are blocked 
(Series I), namely, an increased tidal and minute volume but a reduced breath- 
ing frequency. Thus the elimination of the excitatory response from the col- 
lapsed lung by vagal block still evokes a hyperventilation. This could be at- 
tributed to the normal inhibitory action of the vagus upon the chemical re- 
spiratory drive discussed previously. Series III represents the effect of 
atelectasis superimposed upon a vagotomized animal. Qualitatively this re- 
sponse is similar to that of the normal animal, Series II. Atelectasis induces 
in both cases a hyperventilation which must be credited to chemical stimu- 
lation. These various observations would seem to minimize the importance of 
the vagal afferents in producing the observed increased minute volume. 

From these considerations one may conclude that the vagal afferents con- 
tribute relatively little to the over-all ventilation during collapse of the left 
lung in dogs, but may be important in regulating the frequency of breathing. 
The main stimulus is probably CO, and pH acting on the respiratory center 
and O, laek contributed by the left lung shunt acting through the chemorecep- 
tors. By occluding the shunt only a minor reduction in ventilation is 
achieved. The over-all ventilatory increase can therefore be visualized as 
partial compensation for the chemical stimuli. Complete respiratory compen- 
sation is not possible since the hyperventilation stimulus would then be 
removed. 
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An interesting point may be raised here in connection with oxygen ther- 
apy used in the presence of dyspnea during clinical atelectasis. O2 therapy 
alone cannot be expected either to completely saturate the arterial blood or to 
lower the arterial pCO., since both are due to shunt through nonventilated 
lung. The indicated therapy is reaeration of the atelectatic lung. Also, as 
noted previously, if pulmonary tissue containing oxygen is blocked off, or 
if oxygen ventilation has allowed N, to be blown off, a new atelectasis would 
proceed more rapidly. 

CONCLUSIONS 


1. The contralateral (open) lung ventilation was studied during uni- 
lateral atelectasis in dogs. 

2. A small inerease in total O, consumption during atelectasis is prob- 
ably due to increased eardiae and respiratory work. 

3. O. consumption data corroborate our previous observations that ap- 
proximately 50 per cent of the atelectatic lung volume change is reflected by 
overdistention of the open lung and mediastinal shift and 50 per cent by chest 
wall and diaphragm shift. 

4. The factors effecting the immediate increase in contralateral open 
lung ventilation during unilateral atelectasis were evaluated. To the pre- 
viously determined ‘‘mechaniecal effect’’ of bronchial occlusion is added ven- 
tilatory stimulation due to blood chemical changes (arterial O, desaturation 
and inereased CO.). Vagal afferents seem to contribute little to the compen- 
satory ventilation volume. 

5. The effects of the pulmonary blood shunt during atelectasis and the 
changes due to its abolition are described. 
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TRAUMATIC CHYLOTHORAX AND THORACIC DUCT LIGATION 


Case Report AND Review or LitTFRATURE 


JOSEPH GoorwitcH, M.?). 
Los ANGELES, CALIF. 


INTRODUCTION 


RAUMATIC chylothorax usually results from injury to the intrathoracic 
fener of the thoracic duct although, as in the case herein reported, it 
may follow injury to the cervical portion of the duct. Two types of injury 
are seen: (1) penetrating, which may be further subdivided into those re- 
sulting from accidental injury to the thoracic duct system in the course of a 
surgical procedure and those resulting from a bullet or stab wound and (2) 
aonpenetrating, such as crushing injuries of the chest, blows on the chest, 


cough, ete. (Table I). 


TABLE I. TYPES OF TRAUMA IN CHYLOTHORAX REPORTED IN THE LITERATURE 


COLLECTED BY 


SHACKELFORD 
AND FISHER26 LAMPSON15 | GOORWITCH 
TYPE OF TRAUMA 1695-1936 1936-1948 | 1948-1954 | TOTAL 
Penetrating: 
Wound (bullet and stab) to chest 8 5 7 17 
or neck 
Surgical accident in neck or chest 0 4 13 18 
Nonpenetrating: 9 
Crushing injury to chest 17 a! 0 8 
Fall from height 6 2 1 1 
Blow on chest 5 2 1 2 
Blow on abdomen 0 0 1 3 
Hyperextension of spinal column 1 0 1 
Severe coughing 0 1 2 20 
Automobile accident* 4 3 5 12 
TOTALS 41 18 31 90 


*From Baldridge and Lewis'; all instances of automobile accidents combined into one 
sroup regardless of type of trauma (crushing, hyperextension, being thrown against the 
front seat or out of the car, ete.). Justification for this is found in the fact that often the 
— =e of injury is not clear or a combination of factors may be responsible for 
‘he injury. 


Prior to 1938, traumatie chylothorax received little attention in the lit- 
erature and none in textbooks. The first successful transthoracic ligation of 
‘he thoracic duct was reported by Peet and Campbell in 1943, but their pa- 
‘ient died suddenly apparently from intravenous administration of chyle.?? 
“he stimulating effect of Lampson’s'® 1948 report of transthoracic ligation of 
‘he thoracie duct with survival is obvious from a glance at the literature on 
raumatie chylothorax summarized in Tables II and HI. Excellent presenta- 
‘ions of all phases of the subject of chylothorax in the recent literature make 
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it superfluous to attempt to re-present the subject in full. The purpose of 
this communication is to review the literature since the publication of Lamp- 
son’s report in 1948 and to report an additional case of traumatic chylothorax 
successfully treated by transthoracic ligation of the thoracic duct. 


REVIEW OF LITERATURE 


Shackelford and Fisher®* found only a total of 39 adequately reported in- 
stances of traumatic chylothorax in the literature covering the period of 1695 
to 1936 and added two of their own (Table II). In their series males pre- 
dominated over females in the ratio of six to one; in more than half of the 
cases the trauma was in the nature of a crushing injury of some sort to the 
chest and in none was the trauma to the duct sustained in the course of a 
surgical procedure; half of the patients in their series were treated by thora- 
coeenteses alone with a mortality of 40 per cent and in none was ligation of 
the thoracic duct performed; the mortality in the entire series was about 50 
per cent. 

In the ten-year period following Shackelford and Fisher’s report, Lamp- 
son’ was able to collect only seventeen cases of traumatic chylothorax and 
added one of his own (Table II). In his series the predominance of males 
over females was insignificant; a new etiological agent in the form of trauma 
to the duct in the course of surgical procedures in and about the mediastinum 
made its appearance and accounted for 22 per cent of the cases (Table I). 
The management of this series included transthoracic ligation of the thoracic 
duet in two instances with recovery in one’ and sudden death in the other? ; 
the mortality for the entire series was about 40 per cent. 

In Table III are listed cases collected from the English and American lit- 
erature published since Lampson’s report in 1948. Included in Table II is a 
summary of this collected series; analysis of this data reveals that the sig- 
nificant trends noted in Lampson’s collected series are even more conspicuous. 
First, surgical procedures about the mediastinum accounted for 39 per cent 
of the injuries to the thoracic duct (Tables I and III). Second, ligation of the 
thoracic duct was the definitive treatment in 48 per cent. Third, the mortality 
for the entire series was only 10 per cent, for the group treated by ligation 
of the thoracic duct zero and for all others 19 per cent. Upon eritical exami- 
nation, only one of the three deaths appears to have been related to the treat- 
ment administered; in this instance treated by thoracocenteses with a good 
response, sudden death occurred in the sixth week; and at autopsy spontane- 
ous pneumothorax and persistence of chylothorax were found.’ In a second 
case no treatment for bilateral chylothorax was administered, and there were 
other fatal injuries**; in the third case, the patient treated with inadequate 
thoracocenteses died of uncontrolled massive chylohemothorax one week fol- 
lowing an automobile accident which caused dislocation of the thoracic spine.’ 
Two additional deaths were excluded from the statistical data presented previ- 
ously because they were relatively late deaths which occurred from unrelated 
causes subsequent to recovery as demonstrated by autopsy findings; one died of a 
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TABLE IIT. Cases or TRAUMATIC CHYLOTHORAX REPORTED IN THE LITERATURE SINCE 1948: 


AGE 


DATE AND AUTHOR | (YR.) | SEX NATURE OF TRAUMA RAX THERAPY 
1948 
Sundberg2s 36 F Cough R_ Thoracocenteses only Rec. 
Hodge and 49 F  Transthoracie thoraco- Anastamosis between Ree. 
Bridges1 lumbar sympathectomy thoracie duct and 
azygos vein 
Baldridge and 35 F Transthoracic sympa- Thoracocenteses fol- Ree. 
Lewis! theetomy lowed by ligation of 
duct in chest 
1949 
Whiteside et 30 M_ Bullet wound of chest R_ Thoracocenteses fol- Ree. 
al.31 lowed by ligation of 
duct in chest 

10 F Blalock operation L_Thoracocenteses fol- Ree 
lowed by ligation of 
duct in chest 

Goorwitech and 52 Extrapleural thoraco- I. Thoracocenteses only Ree. 
Ettleson9 lumbar sympathectomy 
1950 
Meade et al.20 24 Fall down steps Thoracocenteses fol- Ree. 
lowed by ligation of 
duct in chest 
35  F Back diving ? Catheter drainage only Ree 
Rumel23 5 M Stab wound of left neck L  Thoracocenteses fol- Ree 
lowed by ligation of 
duct in neck 
Touroffs0 q M Gunshot wound of chest L  Thoracocenteses only Ree 
9 M Gunshot wound of chest L  Thoracocenteses only Ree 
1951 
Lowman et 6  F Falling piano sounding L__Thoracocenteses only Ree 
al.18 board 
Frazell et 61 Left radical neck dis- Thoracocenteses only Ree 
section 
Shumacker _ Blalock operation R_ Thoracocenteses followed Ree. 
and Moore27 by ligation of duct in 
chest 

1 Blalock operation Thoracocenteses followed Ree. 
by. ligation of duct in 
chest 

1952 
Effler? 1 Left thoracotomy and L_Thoracocenteses fol- Ree 
ligation of anomalous lowed by catheter 
subclavian artery drainage 
Hoffman et 40  Extrapleural thoraco- Thoracocenteses only Ree 
al.12 lumbar sympathectomy 
Wright and 27. M Automobile accident B None for chylothorax _—‘D.a+ 
Gardner32 with crushing injury 
of chest, dislocation 
of thoracic spine, and 
rupture of cord 
Morris and 34  M_ Pistol wound of chest R_ Thoracocenteses fol- Rec 
Polk21 lowed by ligation of 
duct in chest 
Longmore1? 63 M Cough Thoracocenteses only D.t 
Berthrong and 40 Automobile accident R_ Inadequate thoracocen- D.§ 
Pike? with anterior disloca- teses only 
tion of thoracic spine 
Birt and 18 M Automobile accident R_ Thoracocenteses followed Rec. 
Connolly4 by right phrenic 
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TABLE III—Cont’p 


AGE RE- 
| \PE AND AUTHOR | (YR.) NATURE OF TRAUMA THERAPY SULTS 
158 

Cumminsé 45 Thoracoplasty with Extrapleural ligation of Ree. 
apicolysis duct in chest 
McGregor19 54 Thoracolumbar sym- Ligation of duct in chest Ree. 
pathectomy 
? Thoracolumbar sym- Ligation of duct in chest Ree. 
pathectomy 
Sabety et al.24 64 Automobile accident Thoracocenteses and in- Ree. 
stillation of Strep- 
tokinase-Streptodor- 
nase 
Bressler et al.5 Left thoracotomy and Thoracocenteses fol- Ree. 
esophagectomy lowed by catheter 
drainage 


1954 
Klepser and Automobile accident Thoracocenteses fol- Ree. || 
Berry14 lowed by ligation of 
duct in chest 
Stab wound of left neck Left thoracocenteses fol- Ree. 
lowed by ligation of 
duet through a right 
thoracotomy 
Seaman25 M Stab wound of right Thoracocenteses followed Ree. 
chest by ligation of duct in 
chest 
Baron and M Blow on abdomen R_ Thoracocenteses followed Ree. 
Reardon? by ligation of duct in 
chest 


R = Right. L = Left. B = Bilateral. Rec. = Recovery. D. =Death. 

*Death occurred two and one-half months after complete recovery. Autopsy showed 
cerebral hemorrhage. Not included in mortality statistics (Table II) 
F jDeath occurred one week following injury. Autopsy showed complete rupture of the 
thoracic portion of the spinal cord and bilateral chylothorax which was not diagnosed to death. 

tDeath occurred six weeks after onset of chylothorax which was responding to treat- 
ment. Feed showed spontaneous pneumothorax and persistence of chylothorax on the 
same side. 

§Death occurred one week after injury; with inadequate thoracocenteses the chylohemo- 
thorax remained uncontrolled. Autopsy showed the presence of 4,000 c.c. of chyle in the 
pleural cavity. 

||Death occurred suddenly two months following successful intrathoracic ligation of the 
thoracic duct. Autopsy showed collagenous disease and_no chylothorax, and death was 
Pt ae Nh myocardial failure and collagenous disease. Not included in mortality statistics 
(Table 


cerebral accident 214 months following recovery from chylothorax treated by 
toracocenteses,? and the other of myocardial failure and collagenous disease 
i vo months after transthoracic ligation of the thoracie duct.’* It is plausible 
that in the two patients* ?7 who died of massive uncontrolled chylothorax the 


f.tal outcome could have been prevented by early thoracotomy and ligation 
©’ the thoracie duct. 


CASE REPORT 
The patient, a 44-year-old woman, was seen on Aug. 29, 1953, because of swelling of 
the face, neck, and upper chest, and x-ray evidence of a left hydropneumothorax (Fig. 1). 
"hree days earlier she sustained an accidental stab wound to the neck which drained 
? ilky fluid and relatively little blood and which was repaired on the day of the accident. 
Past history was noncontributory. 
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Fig. 2. 


Fig. 1.—Roentgenogram two days postinjury, demonstrating the left chylopneumothorax 
and subcutaneous emphysema of the chest and neck (Aug. 28, 53). 

Fig. 2.—Roentgenogram fourteen days postinjury, demonstrating increased amount of 
fluid with loculation and displacement of the mediastinum (Sept. 9, 1953). 
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Significant physical findings consisted of low-grade fever, a 114-inch sutured trans- 
verse incision over the midportion of the neck beiow the cricoid cartilage, marked sub- 
cutaneous emphysema of the face, neck, and upper chest, especially the left side, and ab- 
sence of breath sounds over the left lung field; there was no dysphagia, dyspnea, cyanosis, 
or hemoptysis. 

A diagnosis of left chylopneumothorax was made upon the aspiration of thin milky 
fluid from the left pleural cavity; this diagnosis was subsequently confirmed by the demon- 
stration of fat globules taking up Sudan III stain and by ether extraction of fatty mate- 
rial from the pleural fluid. It was assumed that despite the fact that the great vessels of 
the neck escaped injury, the presence of left chylopneumothorax indicated division of the 
thoracic duct in the left side of the neck and penetration of the parietal and possibly 
visceral pleura. 


a 


Fig. 3.—Photomicrograph of cross section of the thoracic duct (low magnification). 


Therapy was directed toward support of nutrition and promotion of spontaneous seal- 
ing of the chylous fistula. The former was carried out by means of a high protein and 
vitamin diet and blood transfusions and the latter by low-fat diet and drainage of the 
pleural cavity by means of an intercostal catheter, at first without, and later with, active 
suetion. 

From Aug. 29 to Sept. 1, 1953, 7 liters of chyle were obtained, However, a tendency 
toward early encapsulation and insufficient drainage became evident during subsequent 
days. Only a total of 4% liters was aspirated from Sept. 1 to Sept. 11, 1953. While the 
subeutaneous emphysema was gradually subsiding, new symptoms to make their appearance 
were dyspnea, distressing cough, vomiting, hypotension, and painful tetany-like contrac- 
tions of both hands. Serial chest roentgenograms revealed unmistakable evidence of 
clotted chylopneumothorax and a marked shift of the mediastinum (Fig. 2). As the 
putient’s general conditien began to deteriorate, it was decided that despite the fact that 
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Fig. 5. 


Fig. 4.—Roentgenogram two days postoperatively, demonstrating re-expansion of the le: 
lung and partial return of the mediastinum to normal position (Sept. 14, 1953). 

Fig. 5.—Roentgenogram three weeks postoperatively, demonstrating complete re-expansi 
of the left lung and residual pleural thickening at the left base (Oct. 3, 1953). 


Fig. 4. 
— 
' 


GOORWITCH: CHYLOTHORAX AND THORACIC DUCT LIGATION 475 


te chylous fistula was cervical rather than intrathoracic and even though it appeared as 
i the loss of chyle was diminishing spontaneously, the presence of clotted chylothorax called 
fr operative intervention. Furthermore, the presence of clotted chylothorax on the left 
s de determined that the thoracic duct was to be approached through this side rather than 
e right side. 

On Sept. 12, 1953, seventeen days after the injury and fourteen days after the in- 
itution of pleural drainage, a left thoracotomy was performed and the pleural cavity 
‘tered through the bed of the ninth rib. The left lung was found to be markedly col- 
psed against the mediastinum. About 3 liters of pinkish chylous fluid and several hand- 
is of semiclotted gelatinous material were removed and decortication of the lung was 
rformed. The ‘‘peel’’ measuring up to 2 mm. in thickness was thickest over the lower 
be; re-expansion of the lung was complete. During this portion of the operation chyle 
vuld be seen accumulating slowly in the superior portion of the pleural cavity. Without 
aking any attempt to explore this portion of the pleural cavity, the lower portion of the 
ophagus and thoracie aorta were exposed by incising the mediastinal pleura immediately 
ove the diaphragm, Following limited mobilization of the esophagus mesial to the 
orta, the left vagus nerve and a single thoracie duct were identified. The latter was 
lated and ligated with 000 black silk and 0.5 em. of the duct between ligatures was 
».cised for histologic examination (Fig. 3). The pleural cavity was drained in the conven- 
mal manner using two catheters, one of which was brought out through the tenth in- 
ereostal space along the posterior axillary line and the other through the anterior portion 
‘the thoracotomy incision. 

Immediate postoperative convalescence was uneventful and the patient was dis- 
charged to her home one week following thoracotomy (Fig. 4). Three weeks postoper- 
alively (Fig. 5) both the total and the differential leukocyte count in the peripheral blood 
eturned to normal and remained at this level (Table IV). The patient’s weight, which 
reached its lowest level of 117 pounds three weeks postoperatively, slowly returned to its 
normal of 134 pounds three months postoperatively. She became entirely asymptomatic 
except for mild but persistent infection of the incision line in several places which ne- 
cessitated reopening part of the incision line three and one-half months postoperatively. 
The black silk sutures were removed, bits of seminecrotie tissue and about 2 em. of 
softened tenth rib adjacent to the site of the intercostal catheter drainage were excised, 
and the wound was resutured using fine stainless steel wire. Healing was prompt except 
for a very small anterior segment of the wound which remained unhealed for several 
weeks. When last seen in July, 1954, the patient was entirely asymptomatic and engaged 
in her regular occupation, and her chest roentgenogram showed only residual pleural thick- 
ening over the left pulmonary base. 
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TaBLE IV. LEUKOCYTE COUNTS IN THE CIRCULATING BLOOD 


DIFFERENTIAL (%) 
DATE TOTAL NEUTROPHILS LYMPHOCYTES 
Aug. 26, 1953 30,400 67 30 
Sept. 2, 1953 25,400 90 8 
Sept. 8, 1953 9,500 79 17 
Sept. 11, 1953 86 11 
Sept. 138, 1953 12,800 90 6 
Sept. 19, 1953 12,000 87 7 
Oct. 3, 1953 65 32 
Oct. 31, 1953 8,200 57 39 
Dee. 29, 1953 9,250 73 19 
June 30, 1954 58 38 


DISCUSSION 


Although prognosis in traumatie chylothorax has always been regarded as 
© ave,® study of collected series (Tables II and III) indicates that ehylothorax 


is now regarded as serious enough to justify definitive therapy; this takes the 
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form of ligation of the thoracic duct if thoracocenteses or catheter drainage for 
a limited period of time fails to result in sealing of the chylous fistula. Despite 
the apparent understanding that this subject enjoys currently, two recently pub- 
lished American textbooks on thoracic surgery emphasize the importance of find- 
ing the fistulous point in the duct and ligating the severed ends’” *°; one recom. 
mends ligation of the duct just above the diaphragm without searching for the 
point of rupture only for the very debilitated patients so as not to prolong the 
operative procedure’; and two others make no mention of the subject at all. As 
pointed out in a recent article,’* these findings suggest the incomplete apprecia- 
tion of the fact that, in order to stop the leakage of chyle from the thoracic duct 
system above the diaphragm, all that is required is ligation of the duct between 
the point of leakage and the cisterna chyli, which is not the formidable pro- 
cedure it is at times described to be. 

In selecting the hemithorax through which the lower thoracic duct is to 
be approached for ligation, it would seem logical to choose the side of the 
chylothorax,!: 1* 2° hut not before the following considerations are taken into 
account. First, there is the greater accessibility of the duct through a right 
rather than left thoracotomy” '; and second, there is thé presence or absence 
of lesions within the chylothorax side for which surgical correction is indi- 
cated. Thus, when in the presence of a left chylothorax, repeated thoraco- 
centeses indicate that the lung is expandible and decortication will not be 
necessary, approach through a right thoracotomy is recommended.’ In ac- 
cordance with these principles, the author’s patient was treated by left 
thoracotomy; and both ligation of the thoracic duct and pulmonary decortica- 
tion were performed. 

Review of the collected series in Table III reveals that expandibility of 
the lung in chylothorax is satisfactory in the great majority of instances re- 
gardless of the method of treatment, provided the leakage of chyle is con- 
trolled. The interval between onset of chylothorax and ligation of the duct 
ranged from zero to eight months and averaged 37 days. In one case, after 
nine weeks of chylothorax, the lung was found to be encapsulated but without 
the presence of a definite visceral ‘‘peel’’; and following a difficult decortica- 
tion, re-expansion was incomplete”; this finding was given as one reason for 
not delaying thoracotomy and ligation of the duct too long after the onset of 
chylothorax.”° In contrast to this is a case subjected to thoracotomy eight 
months after onset of chylothorax with the finding that there was no pleural 
cortex or ‘‘peel’’ and the lung was expandible.’* The writer’s experience con- 
formed entirely with neither of the extreme observations quoted previously; clot- 
ting and encapsulation were noted as early as ten days following onset of chylo- 
thorax; but the visceral ‘‘peel’’ was very definite at thoracotomy seventeen 
days after the accident, and decortication was not difficult. In the ease of 
chylothorax in the collected series treated with a single intrapleural instilla- 
tion of streptokinase-streptodornase for loculation of chyle seventeen days 
after onset, recovery took place after a few additional thoracocenteses.** 

It would seem that in order for chylothorax to complicate a chylous fistula 
in the neck, traumatic penetration of the parietal pleura would be a pre- 


ar 
i 


FT 


GOORWITCH: CHYLOTHORAX AND THORACIC DUCT LIGATION 477 


requisite’ ; however, it is not impossible for the extrapleural collection of chyle 
in the neck to dissect its way down into the mediastinum and enter the pleural 
cavity when the mediastinal pleura finally ruptures. 

Three instances of chylothorax as a complication of injury to the cervical 
portion of the thoracic duct are found in the series of thirty-one traumatic 
chylothoraces collected by the author (Table III) and two in Lampson’s col- 
lected series of eighteen cases.1° Together with the writer’s case this makes 
a total of six cases in all of which the injury in the neck and the chylothorax 
were on the left side, and, in one of these, the chylothorax was bilateral. In 
all but one, trauma was of the penetrating type. All six survived to receive 
treatment for the chylous fistula due to the fact that the great vessels of the 
neck escaped injury. The fact that penetrating wounds of the neck often in- 
volve the great vessels and lead to early death probably accounts for the sear- 
city of reports of chylothorax following trauma to the neck. Pressure over 
the draining neck wound and thoracocenteses was the treatment in two 
cases* ; thoracocenteses followed by ligation of the thoracic duct in the 
neck in two eases’ ?*; and thoracocenteses followed by ligation of the tho- 
racic duct within the chest in the remaining two cases" (including the writer’s 
case). 

The treatment of choice in chylothorax complicating traumatic chylous 
fistula in the neck depends on several considerations. If control of the chylous 
fistula and re-expansion of the lung are the only operative procedures indi- 
cated, and if the former can be accomplished by pressure in the neck and the 


latter by repeated thoracocenteses, there is no indication for ligation of the 


duet either in the neck or within the thorax. On the other hand, if repeated 
thoracocenteses indicate that the lung is expandible but the chylous fistula 
persists and the neck injury is of recent origin and/or there is an associated 
lesion resulting from the trauma requiring surgical intervention in the neck, 
an attempt should be made to ligate the thoracic duct in the neck. Again, 
if the wound is not recent and/or the lung appears to be not expandible, liga- 
tion of the thoracic duct within the chest is the treatment of choice. The 
author’s case fits into the last-mentioned category and was treated accordingly. 

In view of the fact that ligation of the thoracic duct is a curative pro- 
cedure in the treatment of traumatic chylothorax and because of the absence 
of mortality in the entire series of seventeen reported cases beginning with 
Lampson’s and ineluding the writer’s case (Tables II and III), it is the 
writer’s opinion that it is indicated in all cases of chylothorax which persist 
despite adequate thoracocenteses or closed drainage and should be resorted to 
hefore the patient’s general condition begins to deteriorate. 


SUMMARY 


1. The literature on traumatic chylothorax since Lampson’s report in 
1948 is reviewed, and the 31 collected cases are summarized. 

2. A case of chylothorax resulting from a stab wound in the neck is re- 
ported. Intrathoracic ligation of the thoracic duct and pulmonary decortica- 
tion resulted in a cure. 
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3. Mounting interest in traumatic chylothorax is due both to the safety 
and suecess of intrathoracic ligation of the thoracic duct as well as to th: 
increasing frequency of this lesion as a complication of surgical interventior 
in and about the mediastinum. 

4, Beginning with Lampson’s and including the writer’s case, a tota 
of seventeen patients with traumatic chylothorax were subjected to ligation 
of the thoracie duct. This was followed uniformly by recovery and without un 
usual morbidity. By contrast, a mortality of 19 per cent was found among th: 
patients in the same series collected by the writer in whom chylothorax wa: 
treated other than by ligation of the thoracic duct. 

5. The ineseapable conclusion is that ligation of the thoracie duct is the 
treatment of choice when a brief period of management by aspiration or con- 
tinuous closed drainage demonstrates no tendency for the chylous fistula tc 


seal off spontaneously. 
REFERENCES 


. Baldridge, R. R., and Lewis, R. V.: Traumatie Chylothorax, Ann. Surg. 128: 1056 
1948. 
. Baron, C., and Reardon, M.: Chylothorax Following a Blow to the Abdomen, J. 
THORACIC Sura. 28: 11, 1954. 
. Berthrong, M., and Pike, J. B.: Traumatic Chylothorax Produced by Anterior Dis 
location of Thoracic Vertebra, New York J. Med. 52: 1325, 1952. 
. Birt, A. B., and Connolly, N. K.: Traumatie Chylothorax, A Report of a Case and a 
Survey of the Literature, Brit. J. Surg. 39: 564, 1952. 
5. Bressler, S., Wiener, D., and Thompson, S. A.: Traumatie Chylothorax Following 
Esophageal Resection, J. THORACIC SurRG. 26: 321, 1953. 
3. Cummins, C.: Thoracie Duct Fistula Following Thoracoplasty, Brit. J. Tubere. .47: 
101, 1953. 
. Effler, D. B.: Chylothorax, Cleveland Clin. Quart. 19: 6, 1952. 
. Frazell, E. L., Harrold, C. C., and Rasmussen, L.: Bilateral Chylothorax, Ann. Surg. 
134; 135, 1951. 
. Goorwitch, J., and Ettleson, A.: Traumatic Chylothorax, Ann, West. Med. & Surg. 
3: 420, 1949. 
. Hochberg, L. A.: The Thoracie Surgical Patient, New York, 1952, Grune & Stratton, 
pp. 240-241. 
. Hodge, G. B., and Bridges, H.: Surgical Management of Thoracic Duct Injuries, 
Surgery 24: 805, 1948. 
. Hoffman, E., Ivins, J. L., and Kern, H. M.: Traumatic Chylothorax, A. M. A. Arch. 
Surg. 64: 253, 1952. 
. Klepser, R.: Discussion of Meade et al., J. THoRAcIC Sura. 19: 722, 1950. 
. Klepser, R. G., and Berry, J. F.: The Diagnosis and Surgical Management of Chylo- 
thorax with the Aid of Lipophilie Dyes, Dis. Chest 25: 409, 1954, 
5. Lampson, R. S.: Traumatie Chylothorax, J. THoracic SurG. 17: 1778, 1948. 
. Lindskog, G. E., and Liebow, A. A.: Thoracic Surgery and Related Pathology, New 
York, 1953, Appleton-Century-Crofts, Ine., pp. 503-505. 
. Longmore, A. J.: Chylothorax, Canad, M. A. J. 66: 377, 1952. 
. Lowman, R. M., Hoogerhyde, J., Waters, L. L., and Grant, C.: Traumatic Chylothorax, 
Am. J. Roentgenol. 65: 529, 1951. 
. McGregor, A. L.: Injuries to the Large Lymph Ducts, Brit. J. Surg. 40: 569, 1953. 
. Meade, R. H., Jr., Head, J. R., and Moen, C. W.: The Management of Chylothora» 
J. THORACIC SurG. 19: 709, 1950. 
. Morris, K. A., and Polk, R. C.: The Surgical Treatment of Traumatic Chylothorax bh: 
Ligation of Thoracic Duct, J. Florida M. A. 38: 623, 1952. 
. Peet, M. M., and Campbell, K. N.: Massive Chylothorax Following Splanchnicectomy : 
Treatment with Intravenous and Intrasternal Transfusions of Chyle, Univ. Hosp 
Bull., Ann Arbor 9: 2, 1943. 
. Rumel, W. R.: Discussion of Meade et al., J. THorAcIc Sura. 19: 721, 1950. 
. Sabety, A. M., Thompson, J. J., and Halprin, H.: Traumatie Chylothorax, Am. J. Med. 
14: 770, 1953. 


: 
| 
1 
1 
] 
1 
1 
1 
1 
9 
9 
‘ 9 
9 
5 


GOORWITCH: CHYLOTHORAX AND THORACIC DUCT LIGATION 479 


25. Seaman, J. B.: Rationale and New Surgical Technique in Traumatic Chylothorax, J. 

THORACIC SurG. 27: 529, 1954. 

. Shackelford, R. T., and Fisher, A. M.: Traumatic Chylothorax, South. M. J. 31: 766, 
1938. 

. Shumacker, H. B., Jr., and Moore, T. C.: Surgical Management of Traumatic Chylo- 
thorax, Surg., Gynec. & Obst. 93: 46, 1951. 

. Sundberg, R. H.: Chylothorax, California Med. 68: 99, 1948. 

. Sweet, R. H.: Thoracic Surgery, Philadelphia, 1950, W. B. Saunders Co., pp. 224-225. 

. Touroff, A. S. W.: Discussion of Meade et al., J. THorAcic Sure. 19: 723, 1950. 

. Whiteside, W. C., Stewart, W. D., and Cuthbertson, A. N.: Traumatic Chylothorax, 
Canad, M. A. J. 61: 374, 1949. 

2. Wright, P. R., and Gardner, A. M. N.: Traumatic Chylothorax, J. Bone & Joint Surg. 


34-B: 64, 1952. 


y 
H 
pe 


RECURRENT PLASMACYTOMA OF THE LUNG 


G. Cuiupress, M.D., VALHALLA, N. Y., AND 
GerorGE C, Apir, M.D., New N. Y. 


HIS is a follow-up report on a case of plasmacytoma of the mediastinum. 

originally detected by routine chest x-ray in 1944, surgically removed, and 
reported by us in 1950.1. Following operation the patient remained under our 
observation until 1948. He was not seen by us from 1948 until November, 1953, 
when he returned with symptoms of progressive dyspnea affected by posture, 
especially when lying on his left side. He had observed distention of the neck 
vessels and was conscious of a loud wheeze in his chest which had increased in 
intensity over a period of several weeks. Although he dated the onset of his 
symptoms to August or September, 1953, in retrospect he remembered that he 
had had a nonproductive cough and wheezing off and on for the preceding year. 
Because of increasing symptoms he consulted his family physician in November, 
1953, and was referred to us for further investigation. 

On examination the patient, now 46 years of age, was a well-developed, 
well-nourished white man. His temperature was normal. There was striking 
cyanosis of the lips, mucous membranes, and nail beds. A loud inspiratory and 
expiratory wheeze was heard over the entire chest anteriorly and posteriorly. 
There were scattered crepitant rales at the left base posteriorly. Respiraticus 
were 22, slightly labored. Heart rate was 86, regular. A, was greater than P.. 
Blood pressure was 174/72. Urinalysis was negative, and blood count was within 
normal limits with 15.4 Gm. hemoglobin, 7,600 leukocytes, and normal differential. 
X-ray of the chest revealed a large mediastinal mass resulting in pressure and 
displacing the trachea anteriorly. No evidence of extension or metastasis to the 
lung parenchyma or pleura was observed. Because of recurrence of a mass at 
the site of the former tumor, it was decided that surgical exploration should be 
done without delay. 

On Dee. 1, 1953, under general anesthesia the patient was explored by one 
of us (G.C.A.). When the pleural cavity was entered numerous adhesions were 
observed along the previous scar. The tumor had recurred and was attached 
to the lateral arch of the aorta for a distance of 3 inches. The mass was wel! 
encapsulated. The tissue was soft in consistency and reddish-brown in color. 
It was impossible to remove all of the tumor because of its attachment, but as 
much was removed as could be done safely. The patient withstood the operation 
well, and his postoperative course was uneventful. His breathing was mucli 
improved by the third day when he was ambulated. He was ready for discharge 
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Fig. 2. 


Fig. 1.—Posteroanterior roentgenogram, July 10, 1944, reveals a sharply circumscribed 
t nor mass in the region of the upper pole of the left hilum measuring approximately 7 cm. 
ii diameter and obstructive emphysema of the left upper lobe. 


Fig. 2.—Follow-up roentgenogram, Oct. 26, 1948, taken fifty-one months after operation, 
S OWS no evidence of recurrence. 
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Fig. 4. 


Fig. 3.—Posteroanterior roentgenogram, Nov. 16, 1953, reveals large mediastinal mass 
resulting in pressure displacing the trachea anteriorly. 


Fig. 4.—Rotated roentgenogram, Nov. 16, 1953, reveals displacement of the trachea. 
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on the ninth postoperative day and while climbing into bed following ward exer- 
cise he suddenly began to gasp for breath and expired within a few minutes. 
Autopsy was obtained, and the cause of sudden death was found to be pulmonary 
embolism. A large amount of tumor was found to have remained after operation. 


PATHOLOGIC REPORT 


Gross.—Specimen consists of a fairly well-demarcated, irregular, dark red, 
soft mass measuring 4 by 3.5 by 2 em. This tumor is surrounded by a thin layer 
of connective tissue. On cross sections, the surface is soft, dark red in color, 
with grayish areas and scattered hemorrhagic spots. Accompanying the speci- 
men are six irregular fragments of tissue presenting the same appearance as the 
tumor described above and measuring from 1 to 4 by 3.5 by 2 em. 


Fig. 5.—Shows gross surgical specimen. 


Microscopic_——All fragments are sectioned. The large fragment consists 
of neoplasm surrounded by some dense, acellular, hyaline connective tissue. 
Within this connective tissue are numerous foreign body giant cells. Adjacent 
is a small amount of fat tissue. The neoplasm is composed of sheets of ovoid 
eclls having eccentrically placed nuclei and an eosinophilic staining cytoplasm. 
Hiemorrhage has occurred throughout the neoplasm in the form of small pete- 
chiae. In many areas the plasma cells are arranged in solid nests and sheets, 
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Fig. 7. 


aoe -power photomicrograph showing plasma cells. (Approximate magnification 
X645; 


Fig. 7.—Oil immersion view of plasma cells—smear from specimen. (Approximate mag 
nification, 1,475; reduced 14.) 


Fig. 6. 
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and in some areas they surround small vessels with a resultant rosettelike appear- 
anee. Occasional areas of necrosis of the neoplasm are encountered. Within 
the smaller fragments there is noted a dense connective tissue which contains 
oeeasional clusters of plasma cells. All fragments are involved to a lesser or 
greater extent. There is no attempt at encapsulation of the tumor. 
Diagnosis—Recurrent plasmacytoma of the mediastinum. 


Fig. 8.—Autopsy specimen (cross section). 


DISCUSSION 


Bross? found a plasma-cell tumor of the mediastinum in a 54-year-old woman 
at neeropsy, and Klose* observed a similar tumor of the pleura in a 61-year-old 
man. Following our report in 1950, we received a communication and reprint 
‘rom Dr. J. Divis of the University of Prague, calling our attention to the report 
of a plasmacytoma of the ‘‘mediastinum and lung’’ reported by Georg Divis and 

fermann Sikl* in 1928. We have not found other reports of plasmacytoma of 
he mediastinum on review of the literature, and we know of no reports of 
eeurrence of such a tumor. 

Our 1950 report included a ease of plasma-cell granuloma of the lung. The 

‘rst report of a plasmacytoma of the lung was by Gordon and Walker’ in 1944. 
‘urs was the second case, to our knowledge, and was reported in 1950. Kuley 
ad Kuntman,° in 1951, reported a plasma-cell tumor of the thorax with lung 
nd possible involvement of the mediastinum; and Hill and White,’ in 1953, 
‘ported a plasmacytoma of the lung in a 3-year-old child treated by pneumoneec- 
my. <A follow-up on our ease reveals no evidence of recurrence at the time of 
‘st examination and x-ray on March 1, 1954. 


Although plasma-cell tumors are not uncommon in the upper respiratory 
act and bone marrow, they have been uncommonly observed in the lung and 
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mediastinum. Eggston® has observed plasmacytomas in the upper respiratory 
tract to become malignant in some instances. Hellwig® observed local invasion 
and distant metastases of plasma cell tumors. None of these, however, was in the 
lung. Of eleven eases of plasmacytoma reported by Figi and associates’? in 1945, 
five showed frankly malignant behavior with either extensive local invasion or 
distant metastases. Couret,™ in 1946, reported a plasmacytoma of the pyloric 
portion of the stomach. This lesion was locally resected. Two months later the 
patient was explored for obstruction and was found to have large fungating 
masses throughout the abdomen. One month later, autopsy revealed the large, 
definitely invasive masses to represent plasmacytoma. 


Fig. 9.—Pulmonary infarction causing death. 


SUMMARY 


This is the follow-up on a plasmacytoma of the mediastinum revealing 
recurrence of the lesion producing symptoms approximately nine years after 
complete removal of the original tumor, so far as could be determined. 

In a search of the literature we were unable to find recurrence of such « 
tumor reported, although extrathoracic plasmacytomas have been observed t« 
result in malignant behavior, invasion, and distant metastases. Most plasma. 
cytomas, however, seem to be benign in character. 
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RESECTION AND ANASTOMOSIS OF THE BRONCHUS CARRIED OUT 
IN A CASE OF BENIGN TUMOR 


AwnprAs Bikrauyi, M.D., AND SANDorR DuBecz, M.D. 
Bupapest, HUNGARY 


HE partial or circular excision of minor or major parts of the intrathoracic 
respiratory tracts, carried out in connection with the various diseases of 
. these tracts, and the reconstruction of the deficiency thus resulting, as well as 
the substitution of traumatie defects—sometimes bridging over major breaks 
in the continuity—has been a long-standing ambition of surgery. Ever since 
operability of pulmonary tumors has been progressing, the problem of recon- 
structing the respiratory tracts has been acquiring growing prominence. At 
the same time the therapy of such clinical eases is beginning to develop which 
up to now—owing to the specific position of the lesion, its delicate topography, 
and, last but not least, the vital function of the respective organs—have seemed 
surgically insoluble. In these days, when the ever-accumulating diagnostic 
pathologie and chirurgotechnical experiences and our advanced knowledge of 
pre- and postoperative treatment are all turned to account, it is natural that 
the endeavors of thoracie surgery are not only focused on curing the respective 
form of disease, but also on striving to achieve this aim while maintaining all 
healthy tissues or parts of the organ. Hence functional-pathologie considera- 
tions must prevail in thoracic surgery. 
The correctness and justification of this view is proved by our ease as 
herein described. 


CASE REPORT 


The patient was a 42-year-old, well-developed and well-nourished man, strikingly pale, 
with a complexion indicative of chronie suppuration. His ill-health began in 1949, supposedly 
in connection with pertussis. Since that time he had been suffering from an ever-worsening 
cough in the form of attacks recurring several times daily. In September, 1950, on the 
oceasion of a heavy coughing spell, hemoptysis in the amount of 700-800 ¢.c. occurred. This 
was repeated in November, 1951, and in February, 1952. Apart from this, his sputum con 
tained blood four or five times every month. From time to time, periods of intermitten‘ 
fever set in which, after discharge of profuse and sometimes putrid sputum and following 
penicillin treatment, changed to a subfebrile state. When he was examined by x-ray on suc! 
an occasion, the radiologist thought he saw the shadow of a lymph gland in the upper pol 
of the right hilum. In April, 1953, a further, very grave pulmonary hemorrhage occurred 
In July the patient had repeated pneumonic symptoms, with high fever, then discharge 0 
profuse, putrid, yellowish, and purulent sputum. Because of these symptoms the patient wa 
hospitalized and a bronchoscopy showed a tumor located in the right main bronchus. - 
biopsy was made and the pathohistologic diagnosis was ‘‘oat-cell carcinoma.’’ The patie: 
had lost some weight and was feeling continuous twinges of pain and oppression in his ches‘ 
especially during the morning in connection with his recurring bouts of coughing. 
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The general good condition of the patient and his long history interspersed with sup- 
purative symptoms and hemoptyses raised the clinical possibility of a bronchial adenoma, 
and this was corroborated by the bronchoscopic examination (made by Professor Kassay). 
According to it, the main bronchus was occluded by a red and bulging new growth of smooth 
surface originating in the orifice of the right main bronchus, from the lateral wall, pre- 
sumably from the bronchus of the upper lobe. A biopsy, the size of a small pea, was carried 
out but it was followed by so much bleeding that further examinations of this sort had to be 
avoided. The screening of the thorax showed the trachea drawn to the right, the right upper 
lobe atelectatic and a broad interlobar shadow in the small fissure. In the projection of the 
upper lobe bronchus a focal shadow the size of a large hazelnut was visibie, which suggested 
atumor. Air contents of the upper lobe was decreased (Dr. Erdélyi). (Fig. 1.) According to 
the tomography of the right part of the thorax a smoothly contoured tumor of about the size 
of half an almond was arching from the lateral wall of the right main bronchus toward the 
lumen of the bronchus, connected with a shadow of about the size of a small nut located in 
the parenchyma of the lung. (Fig. 2.) This tumor narrowed the lumen of the bronchus of the 
upper lobe considerably and made its contours uneven. The intrabronchial part of the tumor 
was near the carina. In the upper lobe was an incipient atelectasis. The lesion suggested neo- 
plasm (Dr. Erdélyi). 


“ig. 1.—Atelectasis of the pectoral segment of the right upper lobe; decreased air contents 
of the upper lobe. 


The pathohistologic description of the endoscopic biopsy was as follows: The histologic 
‘icture showed on the surface partly cylindrical and partly pavement epithelium. Below 
t, in the connective tissue, an inflammatory, infiltration was to be found. Deeper in, ap- 
eared a tissue consisting of small, round epithelial cells arranged in solid groups. Around 
hese groups there was an accumulation of connective tissue. The epithelial cells contained 
ark-staining round nuelei, the cells showed no polymorphism. Pathohistologic diagnosis: 
denoma of the bronchus (Professor Balé). (Fig. 7.) 


The more important laboratory tests of the patient were: blood sedimentation rate, 
ceording to Westergren, 82 mm. in the first and 110 mm. in the second hour; number of 
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red blood cells, 3,500,000, and of white blood cells, 6,700; the qualitative blood picture, 
apart from a hypochromic anemia of a moderate degree, was normal. Urine was negative; 
Wassermann reaction was negative; sputum was yellowish, purulent, not putrid; Koch reaction 
was negative. Blood pressure was 120/80; electrocardiogram showed sinus rhythm. 

To save the middle and lower lobes, we thought of a bronchoplastic solution. In order 
to determine the exact topography of the tumor and its relation to its vicinity we carried 
out a bronchography of the right side, which showed a defect in filling, the size of about 
an almond, in the lateral wall of the right main bronchus. The tumor originated about 0.5 
em. from the carina and was extending into the intermediate bronchus, occluding the orifice 
of the bronchus of the upper lobe, so that attempts to fill it with iodized oil were unsuccessful. 


(Fig. 3.) 


Rig. 2. Fig. 3. 


Fig. 2.—Tomogram: A tumor of the size of a hazelnut, located in the bronchus and 
narrowing the lumen to the width of a straw-blade, joined by an extramurai shadow. 

Fig. 3.—Bronchography showing the intrabronchial relations of the tumor. Middle and 
lower lobes are intact; upper lobe is occluded. 


After preliminary introduction of an artificial pneumothorax, a thoracotomy was car- 
ried out in the sixth intercostal space (Dr. Bikfalvi). We found the pleural cavity free. 
The upper lobe, especially its pectoral segment, was retracted and atelectatic. The fissure of 
the upper lobe was not developed, so we severed the latter intersegmentally from the middle 
lobe. After ligating the artery and vein of the upper lobe, we isolated the right main bronchus 
and the intermediate bronchus, exposing them in their entire course, the bronchus of the 
middle lobe up to its point of origin. On its medial wall we stripped off the pulmonary 
artery which had been closely connected with it. Then we determined by palpation the 
place of the tumor. It originated about 0.5 em. under the carina, occluding the orifice of the 
bronchus of the upper lobe and running deep down into the intermediate bronchus, about 
as far as 1 cm. above the point of origin of the bronchus of the middle lobe. 
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To get a clear picture of the topography of the tumor and its relation to its vicinity we 
amputated the upper lobe bronchus, and through this bronchotomie aperture we obtained an 
unhampered view of the part of the tumor which occluded the orifice of the upper lobe 
bronchus. Then we cut the bronchus through transversely, nearly at a level with the carina. 
The bottom level of the transverse section was 1 em. above the point of origin of the 
middle lobe bronchus. To avoid disproportion of the two lumina, the amputation of the 
intermediate bronchus was done in an oblique direction. Then we carried out an end-to-end 


Fig. 4.—Sketch of the surgical solution. 


anastomosis with thin and everted mattress sutures of silk, stitching up the paries membranacea 
of the bronchus to achieve uniformity of the lumen of the bronchus. (Fig. 4.) The suture 
line was closed hermetically, and no narrowing of the caliber was observed. The removed sec- 
tion of the bronchus measured about 28 to 30 mm. (Figs. 5 and 6.) We covered the suture 
‘ine with mediastinal pleura dissected from the region of the vena azygos. The thorax was 
‘hen closed and drained by two de Pezzer catheters, 
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The postoperative course was uneventful. Twenty-four hours later the lung expanded, 
and on the third day we removed the drainage tubes. At the end of the third week the patient 
left the clinic, fully recovered. (Fig. 8.) On the occasion of the bronchoscopic examinations 
repeated in the third and the fifth week, we removed the sutures, which were intrabronchially 
visible, as well as a few growths of granulation tissue that had developed around these. The 


i 


Fig. 5.—The removed stem and intermedial a The length of the resected portion is 
3°cm. 


lumen of the bronchus was clear. A bronchography made in the sixth week did not show any 
stenosis at the site of the anastomosis. In the course of the expansion, the middle lobe hac 
shifted upward. (Fig. 9.) Six months later, the patient was free from complaints and going 
about his former work. 
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Fig. 7.—Histologic picture: Structure of a typical adenoma. 


ra 
Fig. 6.—Cross-section of the tumor seen through a magnifying glass. a 
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Fig. 8.—Postoperative roentgenography of the thorax: The remaining lobes are fully ex- 
panded and show normal ventilating conditions. 


Fig. 9.—Postoperative bronchography: There is no stenosis on the place of the anasto- 
mosis; in the course of the re-expansion the bronchus of the middle lobe has shifted upward, 
indicating that this lobe has taken the place of the removed upper lobe. 
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DISCUSSION 


Without this surgical solution, the standard operation (a pneumonectomy) 
would have been unavoidable, owing to the delicate position of the tumor. A 
bronchoscopic removal was out of the question, partly because of the uncertainty 
of the initial diagnosis and the fact that the tumor was attached to the wall 
of the bronchus on a broad basis, partly because of the patient’s extraordinary 
tendency to hemorrhage, and, last but not least, because of the so-called ‘‘poten- 
tial malignaney’’ of adenomas, which has been discussed in numerous journals 
and proved by several authors. A removal by way of bronchotomy could not 
be carried out because of the size of the tumor and its extramural relations. 
Furthermore, in cases of tumors carrying the possibility of malignancy, this 
form of treatment cannot be considered a radical one owing to the character 
of the intervention. 

In our ease, by totally resecting the right main bronchus and the interme- 

diate bronchus and bridging over the resulting break by an end-to-end anas- 
tomosis, we succeeded in saving the intact and soundly functioning middle and 
lower lobes and were able to avoid pneumonectomy, which always means mutila- 
tion. 
Our ease further proves the possibility of removing a considerable segment 
of one of the main bronchi and uniting it without using an inserted medium 
(prosthesis or grafts), by exposing and mobilizing the bronchus on a maximum 
section. Contrary to the sparse data in the literature published so far, aecord- 
ing to which the maximum range of resection at the bronchus covers a portion 
of 2 em., the removed section of the bronchus, in our case, measured 3 em. 


The preoperative conditions for a successful intervention are as follows: 

1. Strict asepsis: An infection causes insufficiency of suture, while heal- 
ing by second intention effects a proliferation of tissue, which always leads to 
cieatrization and stenosis. 

2. An airtight suture line: Its lack prevents expansion and involves the 
well-known inherent dangers. 

3. Exact joining: This is necessary in order to achieve airtight closing 
and uniformity of caliber. 

4. Avoiding overtautness: This may be achieved by proper mobilization of 
the various elements; a taut suture line may bring about dehiscence. 

5. An anastomosis free from stenosis: Without this we might imperil the 
success of the intervention. 

6. Re-epithelization: This needs time, and the foreign-body granulomas 
developing in the suture line may temporarily interfere with it. 

7. Avoiding a stasis of secretion: It is necessary to ensure ventilation so as 
to prevent infection of the distal lung area. 

8. Achievement of quick expansion of the lung: If possible, within the 
first twenty-four hours. 

9. Adequate suture material: Because of the tautness which, to a certain 
legree, is unavoidable, it seems more advisable to use nonabsorbable suture 
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materials, though these are always associated with foreign-body reactions appear- 
ing in the form of granulation tissue. For that reason the endoscopic removal 
of the sutures should be affected as soon as possible, e.g., at the end of the third 
week. 

10. It is necessary to cooperate closely with the bronchologist so as to ob- 
tain a precise topographie and pathohistologie diagnosis, to clear up the relations 
of the lesion and to let the patient have the exact pre- and postoperative treat- 
ment required. 

SUMMARY 


The indications for applying bronchus resection with anastomosis and 
plastie operation are as follows: (1) lesions of the respiratory tracts—ruptures, 
fractures, or operative lesions, (2) cireumseribed tumors of the respiratory 
tracts; (3) specific and nonspecific stenoses of the tracheobronchial tree; (4) 
space-consuming processes occurring outside the respiratory tract, in most 
eases tumors which, because of their close contiguity to these tracts, could other- 
wise not be removed, that is to say, the surgical solution of which could only 
be accomplished by removing part of the respiratory tract itself; (5) functional 
indication: to confine the resection strictly to the portion of the lung affected 


or injured. 
As regards bronchus resection and end-to-end anastomosis carried out on 


human beings we have reports by Gebauer® * on several such cases, and single- 
case reports by D’Abreu and MacHale,’ Mathey and Oustrieres,* Métras and 
co-workers,® Paulson,’ Seannel,® Kinsella, and Johnsrud,* and Weisel and Jake.’ 


REFERENCES 


. D’Abreu, A. L., and MacHale, S. J.: Bronchial ‘‘ Adenoma’’ Treated by Local Resection 
and Reconstruction of the Left Main Bronchus, Brit. J. Surg. 39: 156, 355, 1952. 

. Gebauer, P. W.: Reconstructive Surgery of the Trachea and the Bronchi: ' Late Results 
With Dermal Grafts, J. THorAcic SurG. 22: 568, 1951. 

. Gebauer, P. W.: Pulmonary Surgical Salvage by Bronchial Resection, Surg., Gynec. & 
Obst. 94: 347, 1952. 

. Kinsella, T. J., and Johnsrud, L. W.: Traumatic Rupture of the ee, J. THORACIC 
Sura. 16: 571, 1947. 

. Mathey, J., and Oustrieres, G.: End-to-end Bronchial Anastomosis After Aesidental Division 
of the Stem Bronchus, Thorax. 6: 71, 1951. 

. Métras, H., Grégoire, N., and Longefait, H.: Reconstruction plastique de deux eas de 
sténose bronchique, Rev. Tubere., Paris 16: 54, 1952. 

. Paulson, D. L. : Traumatic Bronchial Rupture With Plastic Repair, J. THorAcic Sure. 22: 
636, 1952. 

. Seannel, J. G.: Rupture of the Bronchus Following Closed Injury to the Chest: Report 
of a Case Treated by Immediate Thoracotomy and Repair, Ann. Surg. 133: 127, 1951. 

. Weisel, W., and Jake, R. J.: Anastomosis of Right Bronchus to Trachea Forty-six days 
henge Complete Bronchial Rupture From External Injury, Ann. Surg. 137: 2, 
20, 1953. 


: 
: i 
1 
t 


COLERANCE OF BRONCHIAL WALL TO HIGH LEVEL DOSAGE OF 
RADIOACTIVE COLLOIDAL GOLD FOLLOWING 
INTRABRONCHIAL INJECTION 


Harovp F. Bere, M.D., M. CuristoPHERSEN, M.D., AND 
J. Ray Bryant, M.D. 
LOUISVILLE, Ky. 


b HAS been demonstrated that when radioactive colloidal gold is injected into 
+ the submucosa of the bronchus of dogs, the colloidal sol is transported via the 
vmphaties from the site of injection to the regional lymph nodes where it is 
‘rapped and concentrated.1 Appreciable concentration exists in the lymph 
odes within four hours after injection.2 In some sixty dogs receiving 2 to 3 
me, of Au’®® by this method, no untoward effects have been noted. Sinee this 
nethod of delivering radiation has suggested the possibility of offering palliation 
\o patients with inoperable bronchiogenic carcinoma, we have outlined the follow- 
ing experiment to determine the tolerance of the bronchial wall to high level 
dosage of Au’®® of the magnitude which conceivably might be required to have 
iherapeutie effect on bronchiogenie carcinoma. 


MATERIAL AND METHODS 


Radioactive colloidal Au'®*® with particle size ranging from 0.003 to 0.004 
mieron was used.* The isotope has a half life of 2.7 days. It emits beta rays 
with maximum energy of 0.97 Mev and gamma rays with energy of 0.411 Mev. 
l"ifty per cent of the beta rays penetrate only 0.38 mm. and are the primary 
souree of radiation effect in localized areas. The gamma rays penetrate deeply 
and are useful for external counting, but they may also contribute to both local 
ond whole body radiation. 

The isotope was injected into the intermediate bronchus of nine dogs by 
the following technique. Under intravenous Nembutal anesthesia, a 7-40 
hronehoscope was introduced directly into the trachea and advanced to the 
selected site for injection. The distal end of the bronchoscope was then angled 
‘‘ightly toward the proposed site of injection to bring this region under 
‘iinimal tension. A 45 em. needle of the type used for injection of esophageal 

arices (Pilling Br 800) was introduced through the bronchoscope under 
irect vision. The tip of the needle was inserted through the taut bronchial 
‘ucosa for a distance of about 3 mm. A syringe containing the radioactive 
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gold was connected with the needle and the injection made. If the needle is in 
the proper submucosal plane, the injection should require very little force. 
After the injection, the needle was immediately removed. Occasionally a drop 
of blood could be seen on inspection of the site of injection. 

The two common errors in inserting the needle are allowing the tip to 
enter, or impinge on, a cartilaginous ring, or passing the needle through the 
entire thickness of the bronchus into a bronchial or a pulmonary vessel. 
Should the cartilage be entered or impinged on by the tip of the needle, con- 
siderable resistance will be met to advancement of the needle and to the injec- 
tion of fluid. If a major vessel is entered, often blood will leak back through 
the needle. Blood will not be seen to drip from the hub of the needle if the 
tip is in the proper submucosal plane. 

Two dogs received 30 me. of Au’®* diluted in 2 ¢.c. of normal saline solu- 
tion. Three dogs received 50 me. and one dog 68 me. in similar dilution. One 
dog received 75 me. diluted in 2.6 ¢.c. and one dog received 100 me. of Au’®’ in 
3.45 ¢.e. All animals survived and appeared to be in a normal state of health 
at the time of autopsy. They were autopsied from twenty-one to sixty-six days 
after injection. Histologic sections were made of the site of injection, the 
lung, lymph nodes, bone marrow, spleen, liver, and kidneys. 


RESULTS 


One animal which had received 50 me. had pericarditis and mediastinitis 
resulting from leakage of the radiogold into the mediastinum. It is probable 
that the needle passed through the bronchial wall since no local effect could be 
found in multiple histologic sections of the bronchus, and no change in the 
lymph nodes attributable to radiation was found. The dog receiving 85 me. had 
some aspiration into the lower lobe of the right lung, but showed considerable 
lymph node change in addition to the radiation effect on the lung tissue. 
These two failures represent errors in technique and point out definite dangers 
in the therapeutic application of the method. However, it might be added 
that to our knowledge they are the only technical failures that have occurred 
in sixty animals we have injected in this manner. 

The remaining seven animals showed no gross evidence of damage to 
the bronchial wall at the site of injection (Fig. 1). There was, however, 
microscopic change in the vessels of the bronchial wall attributable to radia- 
tion. The damage was never severe and the wall remained intact (Fig. 2). 
Bone marrow from ribs and sternum was within normal limits as compared 
with control animals. There were no changes attributable to radiation in the 
lungs, liver, spleen, or kidneys. Multiple sections were made of the upper 
tracheal, right and left paratracheal, and right and left subecarinal lymph 
nodes. Varying degrees of radiation change occurred in these nodes in all 
animals. They ranged from complete necrosis of all the above lymph 
nodes through isolated areas of focal necrosis to dense scars in portions of the 
nodes (Figs. 3, 4, and 5). This patchy distribution of radiation effect could not 
be attributed solely to the dosage of isotope used, site of injection, or time 
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Fig. 1.—Lung of dog receiving 50 me. of Au’, There is no visible local effect. 


lig. 2.—Section showing intact bronchial wall at the site of injection. There is slight local 
radiation reaction in the blood vessels. 


. 
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interval between injection and autopsy. The possibility that lymph circulatio 
throughout any given node might be impaired by previous infection was sus 
gested in one animal that had a granulomatous lymph noditis presumab! 
secondary to histoplasmosis of the lung. This of course also suggests that i 
a lymph node containing metastatic cancer, the isotope might not reach effe: 
tive concentration. This problem is now under investigation. 


Fig. 3.—Low-power magnification of right paratracheal lymph node. There is mark«! 
radiation necrosis with only a small amount of residual lymphoid tissue seen in the low:r 
portion of the photomicrograph. This dog had received 50 me. of Au™* five weeks previous! . 


Fig. 4.—High-power magnification of lymph node shown in Fig. 3. 


SUMMARY AND CONCLUSIONS 


A colloidal solution of Au’®* was injected into the submucosa of t] 
intermediate bronchus of nine dogs. Histologic examination of the site ¢ ’ 
injection, regional lymph nodes, lungs, liver, spleen, kidneys, and bone marro ° 
was made. 


Fig. 3. 
: 
‘ 
Fig. 4. 
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Evidence of radiation effeet was confined to the injection site and its 
lymph drainage area. 

Technical errors in injection resulted in pericarditis and mediastinitis in 
one animal and radiation necrosis in the lower lobe of the right lung in 
another. 


ig. 5.—Photomicrograph of lymph node showing deposition of gold and radiation scar sixty- 
six days after injection of 30 me. of Au into the bronchus, 


There were no untoward effects at the site of injection, using relatively 
high dosages ranging from 30 to 100 me., indicating that mobilization from 
‘he mucosa to the nodes takes place rapidly before severe local injury results. 

Radiation effect of varying degree was present in the lymph nodes of all 


‘nimals. 
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INTRABRONCHIAL. LEIOMYOMA 


FRANK M. Hirose, M.D.,* anp Gorpon R. M.D.** 
RIcHMOND, VA. 


RIMARY muscle neoplasms of the lung are infrequent. In the lung, as in 

other organs, the muscle tumors are leiomyoma, leiomyosarcoma, rhabdo- 
myoma, and rhabdomyosarcoma. These various muscle tumors of the lung have 
been described in the literature in detail, and an analysis of the available cases 
is summarized in Table I. Of the recorded leiomyomas two presented as intra- 
bronchial tumors of definite bronechiogenie origin, and six were parenchymal in 
location. We believe the present case is of interest primarily because, to the best 
of our knowledge, it is the third intrabronchial leiomyoma to be reported, previous 
eases having been reported by Turkington and associates! and Freireich and 
co-workers.” The cases by Brahdy,* Forkel,* and Franco’ were elearly pulmonary 
leiomyomas, but it is unfortunate that the exact sites of origin and statements 
as to intra- or extraluminal extension are lacking. The case reported by Williams 
and Daniel® was a leiomyoma surrounding and obliterating the left lower lobe 


bronchus. The case reported by Deussing’ is cited as the second one in the 
literature. We do not believe that his ease represented benign leiomyomas (see 
discussion below). 


REPORT OF A CASE 


A 43-year-old Negro woman was admitted to the Emergency Room of the St. Philip 
Hospital, Medical College of Virginia, on Sept. 6, 1952, with the history of sudden loss of 
consciousness and convulsion. The patient was first seen at a hospital of a neighboring 
city, at which time she was having continuous generalized convulsions. She was _ subse- 
quently referred to this hospital after emergency treatment. There was no history of past 
illnesses except for the removal of an abdominal tumor eight years previously. Her family 
history was not unusual. There was no history of known hypertension, Physical examination 
on admission revealed a blood pressure of 200/150, pulse 140, respiration irregular with 
periods of apnea necessitating artificial respiration. The skin was cool and of good turgor. 
The patient was completely unresponsive. Their was no nuchal rigidity. The pupils were 
unequal, with the left quite small. The optic dise was blurred on the right, with the vessels 
full and tortuous. The left optic fundus was not adequately visualized. The heart was 
enlarged with a rapid but regular rate. No murmurs were heard. The upper respiratory tract 
was filled with vomitus. The lung fields contained many rales. The abdomen showed a low, 
midline, healed abdominal scar. Masses or organs were not palpable. The external genitalia 
were not unusual. All the extremities were flaccid with reflexes absent in the lower extremi- 
ties, but active in the upper. Positive Babinski reflex or ankle clonus was not elicited. The 
cranial nerves were difficult to evaluate adequately. The patient was given supportive therapy 
to no avail, and she expired one and one-half hours after arrival at this hospital. 


Received for publication Aug. 5, 1954. 

*Resident in Pathology, Medical College of Virginia Hospital; Instructor in Pathology 
Medical College of Virginia. 

** Associate Professor of Pathology, Medical College of Virginia. 


502 


. 


Fig. 1—Gross autopsy specimen showing origin within right upper lobe bronchus at bifurcation 
from main-stem bronchus. 


Fig. 2.—Low-power photomicrograph of microscopic slide revealing insertion of leiomyoma 
between bronchial cartilages. (7.5; reduced 1.) 
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Gross Post-Mortem Findings——A massive pontine hemorrhage was found with no evi- 
dence of an aneurysm being demonstrated. ll clinical findings could be related to this lesion. 
An incidental findings was a grayish-white, firm, bronchial “adenoma-like” nodule, sit- 
uated within the lumen of the right upper lobe bronchus, just distal to its origin from the 


Fig. 3.—Bundles of spindle-shaped cells on (A) longitudinal and (B) cross section. (200; 
reduced ¥.) 


right main-stem bronchus (Fig. 1). The nodule did not cause complete obstruction of the 
bronchus, and the lung parenchyma distal to this lesion gave no evidence of abscesses or 
bronchiectasis. It measured 1.0 cm. in diameter and was connected to the wall of the 


A. 
B. 
| 
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oronchus through a base measuring 0.7 cm. On cut section, the nodule was of homogeneous 
gray color, without subsidiary nodulations, striations, or markings. Gross examination of a 
microscopic section revealed the base of the nodule to be inserted between two segments of 
he bronchial cartilage. 


Microscopic Description—The tumor appeared to have arisen from bronchial musculature 
and was interposed for a short distance between two bronchial cartilages, thereby separating 
he latter (Fig. 2). It extended for a short distance between the cartilages but did not 
show the deep penetration of the bronchial wall which so frequently characterizes bronchial 
adenomas. In a number of sections examined there was no invasion of regional lymph nodes. 
At the base of the tumor, several large dilated bronchial glands filled with mucus were seen. 
The neoplasm was characterized by whorls of interlacing bundles of spindlelike cells (Fig. 3). 


Fig. 4.—Reticulum stain demonstrating fine network of reticulin oriented to the long axis of 
: muscle fibers. (X200; reduced \.) 


' Examination of hematoxylin and eosin preparations showed that the cells were characterized 
by clumps of ovoid nuclei, devoid of nucleoli, atypical mitotic figures, or abundant chromatin 
content. The cytoplasm was abundant and ‘‘streamed out’’ from the nucleus, identical to 
the appearance seen in a fibrocyte or myocyte. When the intensity of the microscopic light 
was diminished, longitudinal striations became apparent. A careful search failed to reveal 
ihe presence of cross striations. No necrosis was found. As the tumor grew into the lumen 
of the bronchus, it carried a covering of respiratory epithelium. This epithelium showed 
no tendency toward squamous metaplasia, as is frequently the case in benign intraluminal 
bronchial neoplasms. A Masson trichrome stain revealed abundant blue-staining collagen 
running in between the smooth muscle fibers. A phosphotungstic acid hematoxylin prepara- 
tion readily selected blue-staining strands of smooth muscle fibers with their longitudinal 
striations. Sections stained with Verhoeff and van Gieson stains surprisingly revealed most 
tumor stained yellow, a common finding already referred to by Zipkin.12 A fat stain did 
not show any sudanophilic material. A Wilder periodic acid Schiff stain demonstrated a 
fine network of reticulin oriented to the long axis of the muscle fibers (Fig. 4). No aldehyde 
was demonstrated. 
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DISCUSSION 


The importance of recognition of an intrabronchial leiomyoma lies in the 
necessity of differentiating this lesion from other intrabronchial neoplasms dur- 
ing bronchoscopy. The more common lesions to be differentiated from intra- 
bronehial leiomyomas are intrabronchial adenoma, fibroma, chondroma, and 


Fig. 5.—Gross specimen of bronchial adenoma. 


malignant neoplasms. Treatment may vary with a given type of lesion, with 
subsequent different in recurrence, adequacy of removal, morbidity, and, possibly, 
mortality. On gross inspection of these lesions, this cannot be readily done owing 
to the similarity of their appearances, as evidenced by the accompanying photo- 
graphs (Figs. 5 and 6). Contrariwise, microscopically there is usually little diffi- 
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sulty in establishing the diagnosis. Difficulty may on occasion arise in the micro- 
‘copie diagnosis of intraluminal bronchiogenic tumors, for muscle tissue may form 
. component of parenchymal hamartoma, and likewise collagen may be found in 
eiomyomas. With use of the van Gieson stain, a leiomyoma may appear to be 
composed of pure myocytes, but with other differential stains such as the Masson 
richrome, and phosphotungstie acid hematoxylin, the collagenous component 
vill be readily apparent. This lack of staining of collagen with the van Gieson 
‘tain may possibly be due to the relative immaturity of the collagenous portion 
£ the tumor. Morphologically, the site of origin of the presented leiomyoma 
‘corresponded to the smooth muscle of the bronchial wall. However, origin from 
mooth muscle of a blood vessel cannot be excluded. 


Fig. 6.—Gross specimen of bronchial hamartoma. 


The tumor presented here had as a prominent feature considerable numbers 
of fibroeytes, as demonstrated by Masson trichrome stain. On the other hand, 
‘broblasts may play a prominent role in the make-up of hamartomas of the 
“ing. We believe that the connective tissue of the tumor herein reported is a 
‘asponse to the leiomyomatous proliferation, rather than a true neoplastic 
omponent of the tumor. However, it is always difficult to decide whether tissue 
‘ich as this constitutes reactive hyperplasia or neoplasia. Hence, some may 
-agard the tumor presented here as a fibroleiomyoma. The analogy lies in the 
‘jomyomas of the uterine musculature where fibroblasts are easily demonstrated. 

The case of multiple primary myomas of the lung described by Deussing’ 
1 1912 has been handed down from one article to another in the English language 
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as an example of a benign tumor.” * 1° Freireich,? for example, includes Deus- 
sing’s report in a list comprising leiomyoma arising from smooth muscle and 
limited to the bronchus. From Deussing’s findings, which incidentally were not 
illustrated, it is clear that thé invasion of the pulmonary vein with extension into 
the left auricle is not in keeping with the present concept of the behavior of a 
benign tumor. Furthermore, one of the tumors contained an ‘‘epithelial gland- 
ular complex.’’ There is no mention of the presence or absence of mitoses in any 
of the tumors described. 

The report of the cases of rhabdomyoma (teratomatous),’?? and _ its 
malignant counterpart, rhabdomyosarcoma, lends itself well to the doctrine of 
totipotentialities of the myoblast. The occurrence of these striated muscle tumors 
could be maintained on the basis of the probability of the myoblast differentiating 
into striated muscle. The diagnosis of a highly neoplastic muscle tumor of 
smooth and striated components is at times in doubt, due to the difficulties in 
differentiating them from a highly anaplastic primary bronchogenic carcinoma. 

To date two eases of pulmonary grandular cell myoblastomas have appeared 
in the English literature.'*»'® On bronchoscopy, both presented as an intra- 
bronchial mass. At the present time the histogenesis of benign granular myo- 
blastoma is unsettled. Various theories have been proposed based on a degenera- 
tive process, origin from muscle, and origin from nerve fibers. This lesion is not 
to be confused with muscle neoplasms of the lung such as the leiomyoma presented 
in this ease, which represents a true neoplasm of smooth muscle, most probably of 
bronchial origin. 


SUMMARY 


A ease of intrabronchial leiomyoma with a gross appearance indistinguish- 
able from adenoma and fibroma of the larger bronchi is presented. Difficulties in 
diagnosis are discussed. 
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THE MASKED BRONCHOPLEURAL FISTULA 


Bruce J. Franz, M.D., anp JAMES D. Murpuy, M.D. 
OTEEN, N. C. 


HE symptoms and signs of postresection bronchopleural fistulas are usuall: 

definite and unequivocal. Occasionally, however, these fistulas develop i: 
such a manner as to make their presence unsuspected until a catastrophe super- 
venes. Undoubtedly many such lesions heal spontaneously without having beer 
definitely diagnosed as a complication. 

Failure to detect such a fistula might occur in patients who are referred foi 
operation to surgical centers and then returned to a sanatorium for postoperativ« 
eare. <A similar situation might develop in small tuberculosis hospitals wher« 
busy consultant surgeons must leave the postoperative care to staff members who 
are not conscious of the dangers that lurks in the ‘‘alveolar leak,’’ ‘‘space 
defect,’’ ‘‘reluctant re-expansion,’’ or any of the other numerous euphemistic 
terms which are used to describe this complication. The variation in frequency 
of such complications reported by many surgeons may reflect the zeal with which 
the search for confirmatory evidence of the presence of these fistulas is pressed. 

We have selected the term ‘‘masked fistula’’ to deseribe the lesions which 
furnish unquestioned evidence of their presence after a period in which the 
patient seemed to be progressing satisfactorily. Some of them have had x-ray 
evidence of an apical air cap, but all have had in common the factor of apparent 
favorable progress prior to the appearance of definite signs of fistula. 

Resection has displaced thoracoplasty as the most commonly used major 
surgical procedure in the therapy of pulmonary tuberculosis. As surgical tech- 
niques were improved and anatomical knowledge of the lung structure increased, 
it beeame possible to remove smaller and smaller segments of the lung. This is 
well illustrated in the reports submitted to the Thirteen Veterans Administration 
Chemotherapy Conference in February, 1953. (Fig. 1). It was shown that 
from October, 1947, to October, 1948, 175 resections were reported. Pneumonec- 
tomies accounted for 45.1 per cent, and 54.9 per cent were lobectomies. No 
segmental resections were done. From January, 1951, to January, 1953, 88% 
resections were reported. Ten and eight-tenths (10.8) per cent of these wer« 
pneumonectomies, 32.1 per cent lobectomies, and 57.1 per cent wedge anc 
segmental resections. From January, 1953, to January, 1954, 1,235 resection: 
were reported. Of these 4.9 per cent were pneumonectomies, 29.9 per cen 
lobectomies, and 65.1 per cent segmental resections. With the increase 1! 
segmental resections, the possibility of smaller alveolar air leaks is augmented 
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This increase in benign air leaks is also accompanied by an inerease in the num- 
ber of true fistulae and imposes upon us the responsibility of carefully screening 
these lesions so that a proper surgical attack may be carried out. 


CHANGE IN TYPE OF PULMONARY RESECTIONS 
1948(175) 1952( 838) 1953(1235) 


[65.1 Segmental 


29.9 Lobectomy 


4.9 Pneumonectomy 


Fig. 1 


At Oteen, 625 resections were performed between Oct. 1, 1945, and Sept. 1, 
1953 (Table I). Twenty-four, or 3.83 per cent, of the 625 patients who had 
undergone a resection developed what we term a masked fistula. A breakdown 
of the 24 fistula cases reveals the fact that 12 followed pneumonectomy ; 3 followed 
lobectomy plus a wedge resection; 3 followed lobectomy; and 6 followed segmental 
resection. The diagnostic criteria for such lesions plus several ease histories will 
be presented in the balance of this report. 


TABLE I 


SEGMENTALS OR 
PNEUMONECTOMIES LOBECTOMIES WEDGES 
Tuberculous 158 
Nontuberculous 9 
fotal 167 


SYMPTOMS AND SIGNS 


The following symptoms and signs are those which have been most helpful 
0 us in suspecting or diagnosing a ‘‘masked fistula.’’ 

Subjective Symptoms.— 

1. Pain or tightness in the chest. 

2. Sensation of ‘‘blowing air’’ in the pleural eavity. 


3. Cough—increased when lying on nonoperated side and productive of 
eddish or brown-tinged sputum. 
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Objective Signs.— 
1. Return of fever after a postoperative return to normal. 

2. X-ray evidence of an unabsorbed or increased amount of intrapleural air 
or the appearance of an air pocket in a new location. 

3. Unexplained lowering of the intrapleural fluid level. 

4. Increase in bloody sputum or fluid expectoration after instillation of @ 
fibrinolytic agent such as varidase. 

5. Expectoration of dyes, such as methylene blue, following instillation int: 
the hemithorax or packing in a sinus tract. 

6. Smell or taste following instillation of an odor-producing material suc! 
as ether into the pleural cavity. 

7. Bronchoseopie visualization of a fistula. 

8. Bronehographie demonstration of an abnormal communication betweer 
the bronchial tree and the pleural cavity. 

9. Retrograde entrance of radiopaque materials in the bronchial tree afte: 
injection into a chest wall sinus. 
10. Intermittent or persistent subeutaneous emphysema. 
11. Demonstration of an inexhaustible ‘‘air pocket’’ on thoracentesis. 
12. Sudden appearance of a pneumothorax after re-expansion of the lung. 
13. Failure of the remaining lung, if any, to re-expand on the operative side 


CASE HISTORIES 


Case 1.—H. H., a white man, aged 28 years, had had a diagnosis of far-advanced pul 
monary tuberculosis established in 1947. When admitted on Oct. 1, 1951, a tension cavity 
with an adjacent 2 cm. caseous nodule was present in the right upper lobe. The tension 
cavity closed under pneumoperitoneum and chemotherapy, but the caseous nodule persiste« 
and an apical posterior segmental resection was done, July 10, 1952. Postoperatively there 
was a low-grade daily elevation of temperature until the twenty-fourth day when a sudden 
rise to 103° F. occurred. This subsided to normal in one week. X-ray films revealed an 
apical air space about 4 by 3 by 2 em. in size on the first postoperative day. This persisted 
and on the twentieth day a fluid level was present for the first time. .When a needle was 
inserted, an unlimited amount of air could be removed. Varidase was instilled and produce: 
an immediate cough and a complaint of a salty taste in the mouth. On Sept. 12, 1952, a four- 
rib thoracoplasty was performed, and the subsequent course was uneventful. 

A diagnosis of bronchopleural fistula was established by fulfilling at least four of our 
criteria. X-ray appearance was rather benign, and this case might have been classified 
as an alveolar leak corrected by a thoracoplasty with a favorable effect upon our morbidit) 
statistics. 

CasE 2.—W. E.N., a 33-year-old white man, was given a diagnosis of pulmonary tuber- 
culosis in 1946. In October, 1950, far-advanced bilateral disease with cavitation in the righ 
hilar area was present. He was treated with bed rest, pneumoperitoneum, and chemotherap” 
until Feb. 7, 1952, when a right lower lobectomy plus wedge resection of nodules in the middi : 
lobe and apical segment of the upper were done. Postoperatively the remaining lung quick! 
re-expanded and filled the pleural cavity. Drainage tubes were removed on the second day. 
On the fourth postoperative day x-ray films revealed a 50 per cent pneumothorax on th: 
right. Air was removed by needle and the lung was re-expanded on the eighth postoperati\ : 
day. The temperature reached normal on the twelfth day. Acid-fast organisms persist« 
in the sputum. A five-rib protective thoracoplasty was done, March 10, 1952. An inte 
mittent positive sputum was present thereafter, but his course was otherwise satisfactor, . 
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On May 3, 1952, three black silk sutures were coughed up. Bronchoscopic examination on 
June 23, 1952, revealed an apparent opening in the lower lobe bronchial stump. A positive 
sputum persisted in spite of treatment with Isoniazid, and, on July 25, 1952, the remainder 
of the right lung was resected. A definite fistula was present, opening into a small abscess 
pocket between the lower lobe bronchial stump and the right margin of the esophagus. His 
subsequent course was uneventful. 

A bronchopleural fistula was not suspected in this patient until a bronchoscopic examina- 
tion was done four and one-half months after the initial resection. In spite of the paucity 
of symptoms a walled-off abscess was present which was responsible for the continued elim- 
ination of acid-fast organisms. 


CASE 3.—S.C.S., a 34-year-old white man, was admitted Sept. 6, 1946, for treatment 
of pulmonary tuberculosis with cavitation of the left upper lobe. Treatment included a 
left phrenic crush in October, 1946, pneumoperitoneum, and streptomycin. Following this, 
a left six-rib, two-stage thoracoplasty was done in September, 1948. On Jan. 18, 1949, a 
left upper lobectomy was done. Postoperatively his course was satisfactory until a minute 
pleurocutaneous (supposedly) sinus was noted on Feb. 7, 1949. This persisted without fever 
and with minimal drainage. On April 9, 1949 (3 months postoperatively), a persistent, slightly 
productive cough was noted. On May 5, 1949, the small sinus tract was explored and a 
cavity found in the pleural space area. No bronchopleural fistula was noted, however. 
Bronchosecopies had been normal April 5 and May 19, 1949. It was noted that on May 29, 
1949, Chloresium used on the wound packing was coughed up in the sputum. He remained 
asymptomatic thereafter and his wound partially healed. Because of the persistent space, 
a partial scapulectomy and rib resection was done June 1, 1949. A sinus tract persisted 
with no symptoms. On Dec. 13, 1949, the patient stated he was blowing air through his 
sinus. On Dee. 15, 1949, methylene blue instilled into the sinus tract was not coughed up 
in the sputum, but, when this was repeated Dec. 31, 1949, the dye was at once expectorated 
on coughing. Bronchogram on Jan. 6, 1950, showed no bronchopleural fistula. On Feb. 15, 
1950, a third-stage thoracoplasty was done with resection of ribs 10 and 11. Revision of the 
sinus tract was done on March 17, 1950. Bronchoscopy, May 18, 1950, showed, for the first 
‘ime, a small bronchopleural fistula. On Sept. 29, 1950, another Schede thoracoplasty was 
done and the fistula and wound finally healed. 

This case illustrates a masked fistula which was first suspected about three months 
following lobectomy. It was definitely diagnosed when Chloresium was coughed up four 
and one-half months postoperatively. No further proof could be elicited until eleven months 
postoperatively when dye instillations showed that an abnormal communication existed. Bron- 
choseopies, other dye instillation, and bronchograms before and after the positive test were 
negative. 


CasE 4.—L.R., a 24-year-old Negro man, was admitted for treatment of pulmonary 
‘ubereulosis which originated in October, 1948. Bilateral productive disease with cavitation 
n the right was present. After numerous courses of streptomycin and PAS a three-stage, 
:-ven-rib thoracoplasty was done in October, November, and December, 1950. A bronchogenic 
‘oread followed. Finally, Jan. 29, 1952, a right upper lobectomy, resection of the superior 
‘gment, right lower lobe, and decortication were done. Postoperatively his course was a 
latively asymptomatic one but characterized by development of a pleurocutaneous sinus 
i vo and one-half weeks postoperatively. The sinus persisted and drained a moderate amount 
‘serous material, but caused no other symptoms or signs. Methylene blue instilled into the 

‘ nus on Feb. 23, 1952, did not appear in the sputum. Bronchoscopies Feb. 7, 1952, June 5, 
52, July 17, 1952, and Sept. 18, 1952, showed no evidence of a bronchopleural fistula. 
"he sinus tract appeared to be slowly healing and the patient had no complaints. As a matter 
(’. routine inquisitiveness on July 21, 1952, Iodochlorol was instilled into the small sinus 
‘ act and, to our surprise, a nearly complete bronchogram of the opposite lung was obtained, 
t ereby clearly demonstrating a bronchopleural fistula. Nothing further was done thera- 
} -utically, since healing seemed to be progressing slowly and spontaneously. In August, 
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bronchograms done in routine fashion failed to show the fistula. On Aug. 31, 1952, the 
patient spontaneously coughed up a black silk suture; within ten days the sinus tract had 
completely closed and has stayed closed to date. 

The case clearly demonstrates persistent bronchopleural fistula which was absolutely 
asymptomatic and was discovered six months following resection by routine investigation 
of a persistent pleurocutaneous sinus tract by instillation of Iodoclorol. 


TABLE II. EFFECTIVE INCIDENCE OR FREQUENCY OF VARIOUS DIAGNOSTIC SIGNS OR MEASURES 
EMPLOYED IN 24 CASES 


SIGN* | POSITIVE | SUGGESTIVE 

1. Pain, tightness, ‘‘bubbling’’ feeling 2 7 

2. Fever 0 12 

3. Cough with bloody sputum, worse on position change 3 5 

4, Air on x-ray (previously unseen or decreased ) 0 10 

5. Decrease in fluid level in chest as seen on x-ray 6 0 

6. Injection of sinus tract with radiopaque material 2 0 
7. Injection or instillation of 

(a) Methylene blue 8 0 

(b) Varidase i 0 

(c) Ether 2 0 

(d) Tryptar 1 0 

(e) Chloresium ul 0 

8. Bronchograms 0 0 

9. Bronchoscopy 8 0 

10. Excess air: (1) aspiration, (2) subcutaneous emphysema Us 3 

1 0 


11. Fistula found by later surgery 


*Subjective, 1-3. 
Objective, 4-11. 


DISCUSSION 


1. The highest number of fistulas were proved by methylene blue instillation 
into the suspected hemithorax. It is interesting to note, however, that in severa! 
eases of suspected fistulas, methylene blue instillations were repeated from 2 to 7 
times before positive evidence of the dye could be found in expectorated sputum. 
Varidase, Tryptar, Chloresium, and ether had lesser application but occasionally 
pointed the way to a correct diagnosis. 

2. Bronchoseopie examination and needle aspiration of suspected pockets 
were the next most reliable diagnostic measures used to prove ‘the existence o! 
suspected bronchopleural fistulas. The likelihood of failure to visualize an 
existent fistula, however, is fairly great with bronchoscopy, contrary to the belie! 
of many. In this series of 24 cases of fistulas, bronchoscopy was confirmatory in 
only 8 eases, or 33.3 per cent. 

3. The presence of seemingly limitless quantities of air, as obtained 0) 
aspiration, or seen in subeutaneous emphysema, ete., was also definitely diagnosti: 
in 7 of the 24 eases, or 28.3 per cent, and highly suggestive in three instances. 

4. Coughing up bloody or pink-tinged fluid was considered diagnostic i: 
three instances and highly suggestive in five other instances. When this coul: 
be correlated with x-ray visualization of a decreased fluid level and increase: 
air pocket, it was considered positive, but in several instances it was impossib! 
to do this because the pleural fluid drained through a pleurocutaneous sinus © 
thoracotomy tube. 

5. Decrease of fluid level on x-ray films was considered diagnostic also i 
six instances (not the same three mentioned in the preceding paragraph). 
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6. The subjective feeling of tightness, pain, or bubbling in the chest was 
diagnostic in two instances (where bubbling and feeling of blowing air occurred) 
and highly suggestive in seven other instances. It would appear that in the eases 
where pain or sensation of tightness is felt in the chest region several weeks or 
more following a pulmonary resection, the presence of a bronchopleural fistula 
and/or empyema pocket secondary to that fistula is extremely likely. 

7. The injection of pleurocutaneous sinus tracts with a radiopaque material 
was conclusive in two instances, one of which was entirely unsuspected. 

8. The presence of fever cannot be considered as more than a suggestive 
sign. This occurred in 12 instances, or 50 per cent of the 24 cases studied. 
Fever occurring after the first three postresection weeks should certainly direct 
efforts to proving or disproving, if possible, the existence of a bronchopleural 
fistula. 

9. Bronchograms play a very limited role in proving the existence of a 
bronchopleural fistula even when one is almost certainly present. This is 
orobably due to the high surface tension of the viscous oils used in bronchography. 
They tend to adhere to the margins of the small fistulas and form a protective 
film over the small orifice. 


CONCLUSIONS 


1. A definite clinical entity of so-called masked or unrecognized broncho- 
pleural fistula exists. 

2. An attempt is made to define this entity and to state the factors involved 
in its recognition. 

3. Even with the presumptive diagnosis made and with all the diagnostic 
armamentarium available, confirmation of these fistulas is often difficult. 

4. Any or all of the applicable tests available should be employed and 
repeated as often as necessary. The initial failure of a ‘‘test’’ once does not 
mean it will subsequently be a failure. 

5. It is suggested that any patent pleurocutaneous sinus be repeatedly in- 
vestigated and considered as a possible omen of bronchopleurocutaneous com- 
munication. 

6. It is suggested that a residual pleural space following any form of 
oulmonary resection be considered as potential evidence of an occult broncho- 
leural fistula and that every effort be made to prove its existence in order to 
‘nstitute early treatment and forestall serious complications. 
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EXPERIMENTAL TUBERCULOSIS 
V. Errects or LIGATION OF A PULMONARY ARTERY ON THE PULMONARY LESIONS 
oF INDUCED BovINE TUBERCULOSIS IN RABBITS 
H. Wiuu1aM Scort, Jr., M.D., Harotp A. Couurns, M.D., JoHN H. Foster, M.D. 


AND Roy D. Avery, PH.D. 
NASHVILLE, TENN. 


N PREVIOUS studies'* it has been shown that various experimental altera. 
tions of the pulmonary circulation in monkeys infected with human tubercl« 
bacilli produce characteristic changes in the tuberculous process. ‘‘ Arterializa- 
tion’’ of the lung whether by anastomosis between a systemic and a pulmonary 
artery or by ligation of a pulmonary artery results in the development oi 
massive conglomerate caseous lesions in the ‘‘arterialized’’ pulmonary tissue. 
Consistent changes of this type were found in a large series of monkeys irrespec- 
tive of the size of the infecting dose of bacilli, the route of administration, or the 
time of administration of the infecting dose in relation to operation. These 
observations were made in monkeys infected with human tuberele bacilli. In 
order to determine whether host species and bacterial strain variation would 
alter these observed phenomena, the present experiments were conducted. This 
report is concerned with the effects of ‘‘arterialization’’ of the lung, by ligation 
of a pulmonary artery, on the pulmonary lesions of induced bovine tuberculosis 


in rabbits. 


METHODS 


In these experiments 50 healthy adult rabbits weighing 2 to 3 kg. were used. 
A standard dose of 1 ¢.c. of a suspension containing 10 mg. of organisms per 
cubic centimeter of the same virulent bovine strain of tubercle bacilli was given 
to each rabbit intravenously. Five days later anesthesia was induced with intra- 
venous sodium pentobarbital, 30 mg. per kilogram of body weight. Because o| 
the difficulty of oral intubation of the trachea in the rabbit, tracheotomy was 
performed in each ease and a No. 12 Foley catheter inserted into the trachea. 
The catheter was connected to a mechanical insufflator through which passed » 
liters of oxygen per minute. All rabbits were then submitted to thoracotom) 
with full aseptic technique. In one group of animals the left pulmonary arter 
was isolated and ligated. In the remaining animals simple thoracotomy was don: 
as a control. Great care was taken in each instance to obtain accurate re 
expansion of the lung before closure of the thoracotomy wound. The eathete 
was then removed from the trachea and the small tracheal opening was close: 
with a single suture. The animals were kept in individual cages in the sam 
isolation room and were fed stock diet until death. 
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RESULTS 

Of the 50 animals submitted to thoracotomy, there were 18 anesthetic deaths 
and 14 other animals died within one to ten days after operation. Intolerance 
to anesthesia and postoperative atelectasis were largely responsible for the high 
mortality rate. Mechanical insufflation via tracheotomy was only partially sue- 
cessful in cireumventing these problems. The remaining 18 animals (13 with 
pulmonary artery ligation and 5 with control thoracotomy) developed tubereu- 
losis which progressed to a fatal termination in from 54 to 140 days. An 
autopsy was performed immediately after death in each case. Special care was 
taken to compare the character and extent of the tuberculous process in each 
lung, and a detailed description was recorded. Both color and black and white 
photographs of the lungs were made as an aid in recording gross appearances. 
In addition, the lungs from each rabbit were preserved in formalin for subse- 
quent checking and comparison of the tuberculous lesions. Sections were taken 
for microscopic study and specimens were cultured for tuberele bacilli. 

Results Following Ligation of Left Pulmonary Artery.—There were 13 rab- 
hits which survived operation and the immediate postoperative period. All had 
received the standard dose of bovine tubercle bacilli intravenously five days 
prior to surgery. These rabbits lived 54 to 114 days following inoculation. 
Pertinent data concerning these animals are summarized in Table I. 


TABLE I. Errects or LIGATION OF PULMONARY ARTERY ON BOVINE TUBERCULOSIS IN RABBITS 


SURVIVAL TIME DISTRIBUTION OF PULMONARY LESIONS AT AUTOPSY 


RABBIT NO. AFTER EXTENSIVE CASEATION 
AND INJECTION IN LUNG WITH ARTERY MORE EXTENSIVE NO DIFFERENCE 
PROCEDURE (DAYS) LIGATED IN OPPOSITE LUNG IN LUNGS 
Pulmonary Artery 
Ligated 
7-B +4 + 
10-B + 
11-B 
12-B + 
14-B ++ 
15-B Marked atelectasis 
19-B +++ 
27-B Marked atelectasis 
28-B 
34-B + 
40-B ++ 
41-B Some atelectasis 
48-B + 
‘ontrol Thoracotomy 
18-B 
42-B 
45-B 
49-B 
50-B 


In 10 of the 13 animals with interruption of the left pulmonary artery the 
xtent of the pulmonary disease was greater in the left lung. Examples of 
ie differences in the disease process in the two lungs are depicted in Fig. 1. 
‘he left lung characteristically revealed large conglomerate caseous lesions in 

( mtrast with the right lung which presented smaller and less widely distributed 
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tubercles showing less conglomeration. Atelectasis of varying degree was pres. 
ent in the left lung in 8 of the 13 animals. In each of these 8 animals the 
caseous lesions in the left lung were less extensive than in the 5 animals whose 
lungs were entirely free of atelectasis. In 3 rabbits with a ligated left pulmonary 
artery there were no gross differences in the character or distribution of the 
lesions in the left or right lung. The left lung was atelectatice in each of thes 
animals. 


LEFT - DORSAL - RIGHT LEFT- DORSAL - RIGHT 
RABBIT # RABBIT#¥ II 


LEFT - DORSAL - RIGHT RIGHT - VENTRAL- LEF” 
RABBIT RABBIT # 7B 


Fig. 1.—Autopsy specimens of lungs from rabbits submitted to ligation of left pulmonary arte! 
following inoculation with bovine tubercle bacilli. 
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Extrapulmonary lesions in these animals were often found in the liver, 
spleen, pericardium, and kidneys, but were much less extensive than those in 
the lungs. Microscopie study and bacterial cultures confirmed the presence of 
tubercle bacilli. Microscopie examination of the lesions in the two lungs failed 
to reveal any significant difference that was not apparent from gross examination. 

Results Following Control Thoracotomy.—Five rabbits of the group which 
was submitted to control thoracotomy survived operation and the immediate 
postoperative period. Each of these animals had received the standard dose 
of bovine tubercle bacilli intravenously five days before thoracotomy. These 
animals lived 75 to 140 days following inoculation. The autopsy findings arc 
summarized in Table I. The lungs of these five rabbits revealed an equal dis- 
tribution of small tubercles ranging from 2 to 6 mm. in diameter. There was 
no difference in the character or extent of lesions in the two lungs. Typical 
findings are illustrated in Fig. 2. 


COMMENT 

The results of this investigation indicate that in rabbits with induced bovine 
tuberculosis, ligation of a pulmonary artery results in alteration of the disease 
in the affected lung. When the left pulmonary artery is ligated, the tuberculous 
process usually becomes much more extensive in the left lung than in the right. 
A lung thus deprived of a portion of its blood supply develops a more massive 
conglomerate caseous form of bovine tuberculosis than the contralateral lung 
of the same animal or both lungs of control animals. 

These changes in the pulmonary lesions of rabbits infected with bovine 
tuberele bacilli appear to be identical with those observed in the ‘‘arterialized”’ 
lungs of monkeys infected with human tuberele bacilli..“* A fulminating tuber- 
culous process resulting from arterialization of the lung thus seems to be a 
phenomenon which has no species or strain specificity. 

Available evidence indicates that the more massive caseous tuberculous 
lesions which consistently developed experimentally in arterialized pulmonary 
tissue are the result of an enhanced growth of tubercle bacilli. Oxygen en- 
hanees the growth in vitro of both human and bovine strains of Mycobacterium 
tuberculosis,” ° and, as has been pointed out previously,” * a lung or a segment 
of the lung with its pulmonary artery ligated is perfused only by fully oxy- 
genated systemic blood via the bronchial arteries. Similarly, a lung which is 
arterialized by an anastomosis between the end of a systemic artery, such as 
the innominate, and the distal end of the pulmonary artery is perfused only 
by the fully oxygenated systemic blood from the anastomosis and that fron 
the bronchial arteries. As has been shown previously,’ arterialization of th« 
lung by either method results in severe fulminating tuberculosis in the affectec 
lung. Increased oxygen tension in the arterialized pulmonary tissue with conse 
quent enhanced growth of tubercle bacilli appears to be the fundamental facto: 
responsible for the extensive pulmonary lesions. 


SUMMARY 


In rabbits with induced bovine tuberculosis, ligation of a pulmonary arter 
results in a more massive caseous form of disease in the affected lung. Thes 
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findings are identical with those previously observed in monkeys with indueed 
human tuberculosis when submitted either to ligation of a pulmonary artery 
or to anastomosis between a systemie and a pulmonary artery. The present ob- 
servations indicate that there is no species or strain specificity in this phe- 
nomenon which seems to be explained by an enhanced growth of tuberele bacilli 
as a result of increased oxygen tension in ‘‘arterialized’” pulmonary tissue. 
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STAB WOUND OF THE HEART WITH DELAYED HEMOPERICARDIUM 


Lockert B. Mason, M.D., SAMUEL E. WaArRsHAUER, M.D., AND 
Ropert W. WiLuiAMs, M.D. 
WILMINGTON, N. C. 


N RECENT years there has been a decrease in the mortality of penetrating 

wounds of the heart. This has been brought about largely by increased 
awareness of the need for prompt diagnosis and treatment of acute cardiac 
tamponade. While the acute phase has been covered adequately in the litera- 
ture, there is secant mention of the occurrence and management of delayed intra- 
pericardial bleeding. This may be due to the rarity of the condition. The 
following case demonstrates the importance of keeping under observation pa- 
tients who have been stabbed in the thorax, even though they may be clinically 
well for several days after injury. 


REPORT OF CASE 


A 39-year-old Negro man was stabbed with a knife in the left hemithorax, June 21, 
1953. He did not seek medical attention immediately, and during the next few days he was 
well except for some soreness in the chest. Beeause of this discomfort he saw a physician 
on June 27, six days after the accident. A roentgenogram of the chest (Fig. 1) showed 
fluid in the left pleural space, but definite enlargement of the heart shadow could not be 
diagnosed. No definitive treatment was given at this time. On July 8, while doing heavy 
work, he became aware of precordial pain and exertional dyspnea, both of which persisted 
and led to hospitalization on July 13. 

Examination disclosed a recent scar, 1 em. long, in the third left intercostal space 
adjacent to the sternum. There were numerous old scars on the chest and abdomen due to 
previous lacerations, His temperature was 100.2° F., pulse 100, and blood pressure 100/70) 
mm. Hg. There was no venous engorgement; venous pressure was not measured. No cardiac 
apex pulsation was present and the heart was greatly enlarged to percussion. The sounds 
were of fairly good intensity. A pericardial friction rub was heard along the right sternal 
border. Hemoglobin was 12 Gm. A chest film (Fig. 2), taken twenty-two days after injury, 
showed tremendous enlargement of the cardiac shadow with the typical water-bottle shape 
of pericardial effusion. 

A diagnosis of hemopericardium due to stab wound of the heart was made.  Peri- 
cardiocenteses by the paraxiphoid route were done on four occasions with the removal of 
1,130 ¢.c. of dark nonclotting blood. A subsequent aspiration yielded less than 5 ¢.c. of blood. 
At this time the cardiac silhouette had receded but had not returned to normal (Fig. 3). It 
was thought that any blood remaining in the pericardium was either clotted or loculated. 
Exploration was recommended to remove clots and repair any site of continued leakage. This 
was declined by the patient, and he left the hospital on July 25. 

He returned to work and had no further symptoms. Follow-up films have demonstratec 
gradual diminution in the size of the heart shadow. A roentgenogram on May 14, 1954 (Fig. 
4), eleven months after injury, showed a normal cardiac outline. An electrocardiogram mad 
on May 14, 1954, revealed no abnormality. 


Received for publication Aug. 16, 1954. 
524 


hy 
N 


Fig. 1.—June 27, 1953, six days after injury. Fluid in left pleural space. 


Fig. 2.—July 14, 1953, twenty-two days after injury. Massive hemopericardium. 
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1,130 c.c. of blood. 


shadow smaller after aspiration of 


Fig. 3.—July 24, 1953. Pericardial 
No more fluid could be aspirated. 


cardiac silhouette eleven months after injury. 


Fig. 4.—May 14, 1954. Normal 


— 
; 
i 
4 


MASON ET AL.: HEMOPERICARDIUM AFTER STAB WOUND 527 


SOMMENT 


Six days after a stab wound of the chest a roentgenogram showed fluid 
in the left pleural space but did not suggest intrapericardial bleeding. Symp- 
toms gradually appeared, and a film taken twenty-two days after the injury 
showed a tremendous pericardial shadow. With this sequence of events, it is likely 
that the wound of the heart bled initially, the blood escaping from the peri- 
eardium to the pleural space. The myocardial and pericardial wounds then 
became sealed. Later the heart wound bled again, but this time the blood 
remained in the pericardial sae because the pericardial wound had healed. The 
secondary bleeding was probably slow as the pericardium had time to stretch 
and tamponade did not oceur. 

Since operation was not done, the exact site of cardiae injury is not known. 
It is known, however, that wounds of the ventricle are more likely to heal 
spontaneously than are wounds of the atrium. In a report of a single case 
and a review of eleven others' in which hemopericardium became evident more 
than forty-eight hours after injury, the wound was found to involve the ven- 
tricle in each instance. For these reasons it is probable that the wound in 
the present case involved the ventricle. 

After the last pericardiocentesis, when no more blood could be aspirated 
and the heart shadow had not returned to normal, enzymatie débridement was 
considered. This was not done because of the possibility of further hemorrhage 
from liquefying or dislodging an unstable clot. 

The normal electrocardiogram eleven months following injury is not sur- 
prising since there is a tendency for the tracing to return to normal with the 
passage of time after penetrating wounds of the heart.” 


SUMMARY 


A ease of hemopericardium appearing some time between six and twenty- 
two days after a stab wound of the heart is presented. Delayed hemorrhage 
from a heart wound is rare and emphasizes the importance of keeping these 
patients under observation. 
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EOSINOPHILIC GRANULOMA OF RIBS 


REVIEW or LITERATURE AND Report oF Two Cases WitH Four ANp SIX AND 
YEAR FoLLow-up, RESPECTIVELY 


JAMES F. M.D., Stantey J. SkROMAK, M.D., AND R. Casey, M.D. 
PHILADELPHIA, Pa. 


OSINOPHILIC granuloma of bone is a benign, chronic, progressive, destrue- 
tive process which may mimic any neoplastic or inflammatory bone lesion. 
Most authorities consider eosinophilic granuloma of bone as a monosymptomatic 
form of Letterer-Siwe’s or Hand-Schiiller-Christian’s syndromes; and the rela- 
tionship between these disturbances and eosinophilic granuloma of bone has been 
discussed at length by Otani and Ehrlich,*® Mallory,®* Green and Farber,*! Engel- 
breth-Holm, Teilum, and Christensen,?’ and by Thannhauser.*? working 
classification summarizing these disease relationships has been outlined by Wein- 
stein, Francis, and Sprofkin'’* from Mallory’s suggestions, and is presented in 
the first three paragraphs of Table I. Henderson, Dahlin, and Bickel*® do not 
feel that eosinophilic granuloma of bone is an early phase in the life eyele of 
Hand-Schiiller-Christian’s syndrome. They feel that the term eosinophilic 
granuloma should be used to describe bony lesions in patients only in the ab- 
sence of visceral involvement and provided that not more than two bony lesions 
are present. Since publication of Mallory’s suggestions in 1942, many patients 
have been reported in whom eosinophilic granuloma of bone has been associated 
with various similar lesions in soft tissues; and vet these patients have not shown 
signs suggesting Letterer-Siwe’s or Hand-Schiiller-Christian’s syndromes. The 
first such patient was reported by Arnold* in 1946, when he described the oceur- 
rence, in a 37-year-old white woman, of an eosinophilic granuloma of the clavicle 
associated with seattered, bilateral infiltrations of the lungs, which were assumed 
to be similar to the granuloma in the bone. The lesion in the clavicle healed 
spontaneously, and the lesions in the lungs cleared following x-ray therapy. In 
1947, Weinstein and associates'’* described a patient who had multiple eosino- 
philie granulomas of bone associated with pulmonary infiltrations. Similar re- 
ports have been made since by Zinneman,'’® Dickson,?* Kruger, Prickman, and 
Pugh,®® and by Walthard and Zuppinger.'"' Patients demonstrating combina- 
tions of eosinophilic granuloma of bone combined with skin lesions have been 
reported by Curtis and Cawley”* and by Kendrick and Woodruff.** A patient 
reported by Schroff** presented an eosinophilic granuloma of bone associated 
with an anal fistula containing similar tissue. Because of this last group of 
patients, we have taken the liberty of adding to Mallory’s observations the sug- 

gestions in the fourth paragraph of Table I. 
The subsequent discussion is confined to eosinophilic granuloma limited to 
the skeleton, and without visceral lesions, except in a few instances where soft 
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TABLE I 


Letterer-Siwe’s Syndrome (reticuloendotheliosis; aleukemic reticulosis; nonlipid histiocytosis) : 
Usually children under 2 years of age; fever; skin rash; anemia; purpura; splenomegaly 
Histologically: Proliferation of monocytes and clasmatocytes in bone, skin, lymph nodes, 

and spleen, with or without deposits of lipids 


Hand-Schiiller-Christian’s Syndrome: 
Usually older children; defects in cranial bones; exophthalmos; diabetes insipidus 
Xanthoma deposits with or without eosinophils 
Lymph nodes may show typical eosinophilic granuloma with or without deposits of 
cholesterol 


Eosinophilic Granuloma of Bone: 
Children or adults 
Single or multiple lesions of bone 
Good general health; low-grade fever; leukocytosis with eosinophilia; local tumor some- 
times painful 
Cured by local excision, x-ray, or occasionally spontaneously 


Eosinophilic Granuloma of Bone and Soft Tissue: 
Usually adults 
Bony lesion(s) with granulomas of skin or lungs 
Some have diabetes insipidus 
Chronic course; soft tissue granulomas tend to heal; bone lesions tend to recur at old or 
new sites 


The first three paragraphs were tabulated from Weinstein, Francis, and Sprofkin’! from 
Mallory’s suggestions. The fourth paragraph has been added since that time on the basis of 
case reports published subsequent to 1942. 


tissues adjacent to a granuloma of bone were involved by direct extension of 
the lesion in the bone. These criteria are not inflexible, however, and will vary 
with the thoroughness and duration of the clinical study and follow-up period. 

Eosinophilic granuloma of bone was probably first deseribed* by Finzi,** 
in 1929, in reporting a myeloma with prevalence of eosinophilic cells occurring 
in the frontal bone of a 15-year-old boy. In 1930, Mignon‘ deseribed a granu- 
lomatous tumor occurring in the frontal bone of a 17-year-old boy. Fraser,** in 
1935, deseribed lipoid granulomas occurring in two infants, one patient having 
a single lesion in the ilium and the other having multiple bony lesions, each 
running a benign course and apparently healing after the use of radium packs. 
Whether these were eosinophilic granulomas healing by lipidization and fibrosis 
is not certain. In 1938, Schairer** deseribed two instances of osteomyelitis with 
eosinophilic reaction in the parietal bones of 9- and 10-year-old children. In 
1940, Otani and Ehrlich** described seven patients with granulomas of bone 
simulating primary neoplasms, and Lichtenstein and Jaffe** reported three cases 
with similar lesions and first suggested the term ‘‘eosinophilie granuloma of 
Done.”’ 

To date about 187 patients with eosinophilic granulomas of bone have been 
reported in the literature, and herewith are reported two more patients demon- 
itrating solitary eosinophilic granulomas of the ribs, making the total 189. 

The process is a single or multiple one, beginning in the medullary areas 
ind tending to spread outward with erosion and perforation of the cortex, and 
sometimes extending into the surrounding soft tissues. There has been no par- 
‘ieular pattern of distribution shown in the bones involved, and there does 


*Mr. Thomas Smith,” in 1865, described three large defects in the skull of a 4-year-old 
hild, which had previously suffered from impetigo of the scalp and had died of pertussis. 
‘mith described the openings as congenital defects of the bone, and no histologic data is 
oresented. 


4 


530 THE JOURNAL OF THORACIC SURGERY 
not seem to be any predilection for any portion of a given bone. Lesions have 
been described in all bones exeluding the patella, ulna, tarsals, carpals, and 
phalanges of the toes. The bone is replaced by soft, yellowish or brownish 
tissue, the color probably resulting from areas of necrosis and hemorrhage. The 
microscopic appearance of the tissue may vary according to the stage of the 
lesion. In the first stages there are sheets of eosinophils and histiocytes, with 
some areas of giant cells, eosinophilic myelocytes, neutrophils, lymphocytes, and 
plasma cells. Cellular products of destruction and repair may be present with 
lipophages and other phagocytes. Otani and Ehrlich’® and Green and Farber*' 
feel that, in the late stages of the disease, eosinophils tend to disappear and 
there is an inerease in fibrosis and large mononuclears, and also, in the healing 
stages, large mononuclears may undergo vacuolization and appesr as lipophages. 
Still later in the process, granulation tissue is replaced by connective tissue, 
which may be converted into bone. 

The etiology of eosinophilic granuloma of bone is unknown. It is felt to 
be inflammatory, but no viral or bacterial cause has as yet been demonstrated. 
Preceding trauma has been elicited in the histories of some patients, but it is 
probably more coincidental than causative. A functional disorder of the supra- 
renal cortex has been suggested by Frischknecht,** because he observed in a 
child with eosinophilic granuloma of bone, familial hirsutism, increased sodium 
and cholesterol in the blood, abnormal sugar retention, decrease in circulating 
eosinophils, and advanced ossification of carpal bones. 

Of 189 patients so far reported, 119 were males, 48 were females, and the 
sex of 22 patients is not listed. A distorted sex variation might occur in the 
literature due to reports of many male patients from the armed forces. Yet, in 
a series of 10 children reported by Green and Farber* in 1942, there were 9 
males and 1 female. The age distribution, the relative frequeney of single and 
multiple lesions, and the occurrence in various bones are given in Table II. 

Local symptoms and signs will vary widely depending on the location of 
the lesion, whether single or multiple, and the degree of direct invasion of sur- 
rounding tissue. Multiple lesions may be present and .yet only one may be 
giving rise to symptoms. There may be local pain and tenderness with some 
swelling, and even fluctuation suggesting abscess. Involvement of skull bones 
may cause various disturbances of the cerebral cortex’ or extension of the dis- 
ease into the middle ear,®? mastoid process,'” 47:1"! accessory nasal sinuses,’ 
orbit.’* °* Lesions in the maxilla or mandible may cause destruction of toot): 
buds or loosening of teeth already erupted, with a syndrome suggesting chroni: 
gingivitis.°> 1° Vertebral involvement may, by direct extension, result ii 
spinal cord disturbances.*! | Granulomas in the long or flat bones of the extremi 
ties, chest, pelvic or shoulder girdle may result in limitation of motion or patho 
logie fractures.** 

Systemic disturbances are usually mild and may inelude malaise, sligh 
weight loss, slight fever, and occasionally leukocytosis. Anemia has been re: 
ported in one child, probably the result of x-ray therapy.*! Eosinophilia, varyin: 
from 4 to 12 per cent, has been described by many authors, although Frisch 
knecht** cites one instance of a decrease in circulating eosinophils. Lichtenstei 
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TABLE II, AGE AND Sex DistriBuTION, RELATIVE FREQUENCY OF SINGLE AND MULTIPLE 
LESIONS, AND OCCURRENCE IN VARIOUS BONES OF LESIONS OF EOSINOPHILIC GRANULOMA IN 
189 PATIENTS 


Skull Single 132 
Ribs Multiple 42 
Femur Not Stated 15 
Pelvis 

Mandible 

Humerus Not yet reported in tarsals, 
Vertebra carpals, patella, ulna or pha- 
Scapula 2 langes of toes 

Clavicle 

Tibia 

Radius 

Fibula 

Sternum 
Metacarpal 
Metatarsal 
Phalanges of hand 


Males 
Females 
Not stated 


Under 10 years 
10-19 

20-29 

30-39 

40-49 

50-59 

Not stated 


and Jaffe** describe bone marrow biopsy in one patient showing an increase in 
eosinophilic myelocytes and young eosinophilic granulocytes to comprise almost 
15 per cent of the total marrow cells. Kipp and Fisher®* describe the presence 
of large multinucleated histiocytes in the sternal bone marrow of a 22-year-old 
woman who had an eosinophilic granuloma of a rib, the large cells in the 
sternal marrow being structurally identical with cells seen in the rib marrow 
adjacent to the granuloma. All other studies on body fluid constituents such 
as ealeium, phosphorus, cholesterol, cholesterol esters, blood lipids, urinalyses, 
and phosphatase have been described as within normal limits. 

The x-ray appearance of eosinophilic granuloma is that of a small or large, 
irregularly destructive, radiolucent zone, with or without periosteal reaction, 
hone consolidation, or pathologic fracture. In flat bones the lesion is usually 
«ireumseribed, sharply delineated, or punched out. In the ribs there may be 
destruction with expansion of the cortex, perforation, pathologie fracture, peri- 
osteal new bone formation, and thickening of the overlying tissues. The differen- 
‘ial diagnosis includes all the neoplastic and inflammatory diseases of bone. 

The course of untreated lesions varies greatly. They may progress at 

arious rates, stop at any stage, remain stationary, or recede and heal slowly 
nd spontaneously by fibrosis and reossification, leaving no trace in subsequent 
--ray examinations. Some do not heal, and even though single or multiple 
ranulomas have been observed over periods of years to remain stationary,*° 
uey apparently do not harm the patient’s general health save by local invasion 
f surrounding tissue or pathologie fractures. 
Accurate diagnosis cannot be made without biopsy, and a single lesion 
‘ay be biopsied or excised, depending on its location. If the lesions are multiple, 
: iopsy or excision of one or more will establish the diagnosis; and it may reason- 
‘oly be assumed that the other lesions are identical. 
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Recommended methods of treatment consist of curettage or excision, with 
or without x-ray therapy. Brody and Gillespie’ describe the use of adrena! 
corticotropie hormone in a 24-year-old man with eosinophilic granulomas in the 
mandible, femur, pelvis, and lumbar vertebrae. Use of the drug was followec 
by fever and an increase in pain; it was stopped after 600 mg. had been given 
X-ray therapy was then used and did aid in alleviating the patient’s pain 
This patient also had transitory infiltrations of his lung fields. Henderson anc 
Thompson*® deseribed the use of adrenal corticotropiec hormone in a 32-year. 
old man with an eosinophilic granuloma of the mandible associated with pul 
monary infiltrations. Fifteen milligrams of the drug was given every six hour: 
for four days. No undesirable effects occurred, but no benefit resulted, anc 
no change was noted in the appearance of the lung lesions by roentgen exam- 
inations. X-ray therapy to the mandible over a period of four months was 
followed by healing of the lesion in the bone. No x-ray therapy was given to the 
lungs, and the pulmonary lesions remained unchanged, although the patient 
felt entirely well at the time of the report. 

Biopsy or curettage may or may not be followed by healing. Some have not 
healed after curettage, and yet other undisturbed and untreated lesions in the 
same patient have healed spontaneously.’ Some granulomas of the skull, un- 
healed after curettage, have required subsequent insertion of prosthetic skul! 
plates. Ponseti‘® deseribes nonhealing of a granuloma of the femur in a 46- 
year-old man one year following curettage and insertion of a bone graft. X-ray 
therapy was then given; after one month, during which the patient had sustained 
a pathologie fracture at the site, a large defect was still present, and the leg 
was amputated. The patient was described as well five years after amputation. 
Michael and Norecross™ described improvement in a 21-year-old man following 
laminectomy and x-ray therapy for eosinophilic granuloma involving the ninth 
and tenth thoracie vertebrae, the lesion having involved the spinal cord with 
resulting weakness of the legs and sensory loss up to the level of the tenth 
thoracic segment. It would appear that surgery should probably be limited 
to that necessary for biopsy, to correct deformities such as pathologie fractures 
or to relieve damage done by direct invasion of surrounding tissues. 

Most authorities feel that x-ray therapy should be used, although there is 
little uniformity of opinion regarding its efficacy or the technical aspects o! 
its use. Response to irradiation varies greatly. Some lesions have shown a» 
initial increase in size while being irradiated and have then slowly healed. Some 
patients have developed new lesions while the original ones were being irradiated 
In Green and Farber’s*! group of patients treated with roentgen irradiation, a! 
were reported as healed within nineteen months. Cooley and Carlson”’ repor 
one instance of a healing period of three and one-half years following x-ra: 
therapy. 

Therapeutic results following small, infrequent doses of irradiation see1 
to be about the same as those following larger, more frequent exposures. Dundo1 
Williams, and Laipply®® report variations in total dosage from 400 to 500 » 
(air) to 1,200 to 1,800 r. (air), usually given in divided doses of 200 to 300 > 
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daily or even monthly; and these regimes have been followed by complete healing 
of skull lesions in from five to nineteen months. Hamilton and his associates*® 
treated six patients by combined surgical (biopsy or curettage) and roentgen 
therapy, using a 220 kv. machine and the following factors: 220 kv., 15 Ma., 
0.5 to 1.0 mm. Cu plus 1.0 mm. Al filter, H.V.L. 0.9 to 1.35 Cu, 50 em. T.S.D. 
Dosage varied from 150 r. every other day to three times a week, or 200 r. every 
day or every other day, and the portals were of adequate size to cover individual 
lesions or involved areas. They felt that x-ray therapy helped to relieve pain 
and that it decreased limitation of function in an extremity where function 
had previously been limited, but that subsequent x-ray study did not show a 
ereater or earlier degree of bone repair in irradiated areas as compared to non- 
irradiated areas. Green and Farber*' describe two types of irradiation with 
similar results from each: (1) 160 kv., 5 Ma., 40 em. distance, +.0 mm. Al 
filter, giving 400 r. for two doses on successive days or successive months; 
(2) 160 kv., 5 Ma., 40 em. distance, 0.25 mm. Cu and 1.0 mm. Al filter, giving 
a total dosage of 1,500 r. over a six-day period. 

Many patients have been reported who have eosinophilic granuloma of bone 
associated with various pulmonary infiltrations.* ** 4% °* 7° A mueh larger 
number of patients has been described where pulmonary eosinophilic infiltrations 
have sometimes been associated with eosinophilia in the peripheral blood, but in 
the absence of bone lesions.** °°: **.'°* The relationship between these two groups 
of patients is unknown. In Brody and Gillespie’s patient’? mentioned pre- 
viously, suffering from multiple eosinophilic granulomas of bone with pulmonary 
infiltrations, the bone pain was apparently worse following administration of 
adrenal corticotropie hormone, and no change occurred in the lung lesions. The 
patient of Henderson and Thompson*’ derived no apparent benefit from adrenal 
corticotropie hormone, although the symptoms were not aggravated by the drug. 
Vines and Clark®® have recently diseussed the treatment of a woman suffering 
from the eosinophilic pneumonopathy syndrome without any bone lesions where 
the use of adrenal corticotropic hormone was apparently lifesaving. The sig- 
nificanee of the different reactions of these patients to this drug is unknown. 
Diseussions of the various classifications of pulmonary eosinophilia have been 
presented by Apley and Grant? and by Crofton and his associates.?? 


CASE REPORTS 


CASE 1.—E.L., a white man, aged 44 years, was admitted to the Nazareth Hospital, 
Jan. 5, 1948, with a history of a painful swelling over the right tenth rib in the midscapular 
line, beginning eight weeks prior to admission, There was no history of injury. X-ray 
‘xamination of the ribs, done elsewhere, at this time was reported as negative. The swelling 
ind pain subsided in a few days but some tenderness persisted. Six weeks prior to admis- 
sion, when turning over in bed he experienced a sudden, severe pain in this area. The pain 
leereased in severity in the following few days, but some discomfort persisted for three 
weeks, Repeat x-ray examination of the ribs on Dec. 16, 1947, showed an area of rarefaction 
in the posterior portion of the right tenth rib, with a pathologic fracture present (Fig. 1). 
\t the time of admission, physical examination was completely negative save for moderate 
enderness on pressure over the involved portion of rib. The blood count was normal and 
here were no eosinophils seen in the blood smear. Urinalysis was negative save for a 2-plus 
Sulkowitch test, indicating 8 to 11 mg. of calcium per 100 ¢.c. of urine. The blood calcium 
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Fig. 1.—Case 1. Roentgenogram of ribs made Dec. 16, 
right tenth rib. 


Fig. 2.—Case 1. Microscopic appearance of lesion. 
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was 13.4 mg. per cent and the blood phosphorus was 2.4 mg. per cent. These studies were 
repeated and the values were 9.8 mg. per cent and 2.8 mg. per cent for calcium and _ phos- 
phorus, respectively. Under local anesthesia with Novocain, a 2-inch segment of this rib 
was resected subperiosteally. The patient’s postoperative course was uneventful. The report 
of the microscopic examination of the tissue by Dr. Emmett Ciccone was that it was com- 
patible with eosinophilic granuloma of bone (Fig. 2). 


Fig. 3. 


Fig. 4. 


Fig. 3.—Case 2. X-ray appearance of destructive lesion of left fifth rib. Film made 
March 27, 1950. Compare with Fig. 4, which shows appearance one month later. 
2. X-ray appearance of destructive lesion of left fifth rib. Film made 
Apri le 


In August, 1948, the patient had symptoms and signs of a herniated lumbar interver- 
tebral dise. X-ray examination of the spine showed only narrowing of the fifth lumbar 
interspace. X-ray examination of the lung fields was negative. In January, 1950, repeat 
x-ray examination of his lung fields was negative. In June, 1954, x-ray examination of the 
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ribs was entirely normal save for the surgically produced defect. Lung fields at this time, 
as well as a complete radiologic bone survey done by Dr. John Fetter, were completely 
negative. This patient’s general health is excellent six and one-half years after the resection 
of an eosinophilic granuloma of a rib. 

CASE 2.—M. McT., a white woman, aged 53 years, was admitted to the Nazareth Hos- 
pital on April 26, 1950, with a history of pain over the left, upper posterior chest of six 
weeks’ duration. There was no history of trauma and the patient had no other symptoms. 
X-ray examination of the ribs made on March 27, 1950, showed a destructive lesion in the 
posterior portion of the left fifth rib (Fig. 3). Repeat x-ray examination at the time of 
admission showed that the lesion had progressed (Fig. 4). X-ray studies of the kidneys and 
the entire gastrointestinal tract were negative. A small cervical polyp was excised, and 
histologic examination of this showed it to be a mucocoele of a pedunculated Nabothian cyst. 
Blood counts on three occasions were normal with 1 to 3 per cent eosinophilia. The urine 
gave a negative Sulkowitch test, and was negative for Bence-Jones protein on two occasions. 
The total serum protein was 9.6 Gm. per cent, with albumin 6.3 Gm. per cent and globulin 
3.3 Gm. per cent. The serum chlorides were 580 mg. per cent and the calcium was 11.5 mg. 
per cent. The basal metabolic rate was + 3, and blood sedimentation rate was 19 mm. in 60 


minutes. 


% 


Fig. 5.—Case 2. Microscopic appearance of lesion. 


On May 3, 1950, the involved segment of rib was removed en bloc together with th« 
attached intercostal muscles and parietal pleura. The patient’s postoperative course was 
uneventful. Histologic examination of the specimen by Dr. Emmett Ciccone showed eosino- 
philic granuloma of bone (Fig. 5). 

Aspiration biopsy of sternal marrow done six months after operation revealed norma! 
marrow. Complete radiologic bone survey done in June, 1954, by Dr. John Fetter was normal 
save for the surgically produced rib defect. X-ray examination of the lung fields at this 
time was negative. This patient’s general health, four years after the resection of thi 
eosinophilic granuloma of the rib, is normal in every way. 
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SUMMARY AND CONCLUSIONS 


1. Eosinophilic granuloma of bone, although possibly a form of Letterer- 
Siwe’s and Hand-Schiiller-Christian’s syndromes, and possibly related to syn- 
dromes where bone and skin, or bones and lungs are involved, can oceur in 
one or more sites limited to the skeleton and can run a chronic benign course 
with complete healing. One hundred and eighty-nine such patients have so 
far been reported. 

2. The finding of a single eosinophilic granuloma in one bone should initiate 
a complete skeletal survey, as well as a careful search for any visceral involve- 
ment, with particular attention to skin, lymph nodes, bone marrow, lungs, liver, 
and spleen or any evidence of diabetes insipidus, exophthalmos, or mental re- 
tardation. 

3. In all patients where lesions are limited to the skeleton, healing will 
probably occur, the outlook improving with the age of the patient. In infants 
and children the prognosis must always be guarded in view of the possible 
development, months to years later, of Letterer-Siwe’s or Hand-Sehiiller-Chris- 
tian’s syndromes. In adults, the prognosis, although better than in children, 
should be guarded against slow or nonhealing, subsequent recurrences, new 
lesions, or involvement of lungs or skin. 

4. Eosinophilic granuloma of bone is diagnosed by biopsy only. Surgical 
treatment is probably best limited to biopsy or treatment of sequelae. X-ray 
treatment of lesions is apparently of benefit in relieving pain and may aid in 
repair. Its use seems indicated until a better method becomes available. 

5. Two patients are reported, each having a solitary eosinophilic granuloma 
of a rib. Both patients ave now entirely well, four, and six and one-half years, 
respectively, after resection of the involved rib segments. 
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A MANEUVER FOR EXTRACTING CLOTS FROM THE ATRIUM AT 
THE TIME OF MITRAL COMMISSUROTOMY 
Reports oF Four CoNsECUTIVE CASES 


Wiuuiam L. Jamison, M.D.,* K. V. S. Rao, I.Sc., M.B., B.S.,** 
C. P. Banny, 
PHILADELPHIA, Pa. 


HE surgical treatment of mitral stenosis by commissurotomy has become 
well established in the last few years. Over 1,000 operations have been per- 
formed at this Clinic alone. 

The usual technique of performing the commissurotomy is to enter the left 
atrium with the right index finger through an incised area in the left auricular 
appendage that has been previously enclosed by a purse-string suture. The com- 
missurotomy may be performed either with the guillotine knife or merely by 
digital pressure, as the case may be. 

One of the most dreaded complications is that of finding a ball thrombus 
in the auricle attached by a very thin pedicle and waving freely in the blood 
stream. Very often these clots are 3 to 4 em. in diameter, and the pedicle gives 
a sensation of thin tentacles of seaweed with the ball clot attached to the end 
of the tentacles. 

During any manipulation of the left auricular appendage, the left common 
carotid artery and the right innominate artery are clamped as previously de- 
seribed.1 While this technique has reduced the hazard from clots as far as 
emboli to the brain at the time of surgery are concerned, the threat is still present 
after surgery if the clot is not removed. In addition, if the clot breaks loose 
at the time of surgery, the embolus may go to a visceral artery, where it may be 
impossible to remove it; or, if the embolus is large enough, it may completely 
block the aortic orifice, causing acute coronary insufficiency and ventricular 
fibrillation. 

We wish to describe a maneuver that one of us has used to remove clots 
successfully in four consecutive cases during the past six months (W. L. J.). 

Clots in the left auricular appendage are suspected if the surface of the 
appendage is fibrotic or the size is contracted. Palpation of the appendage is 
carried out with the left common carotid and right innominate arteries con- 
stricted. 
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If the left auricular appendage appears clotted or a clot is palpated in the 
left atrium, the operator’s left index finger is ungloved by stretching the glove 
from the finger tip and amputating the end. The use of the ungloved finger is 
a very important part of the technique, as much greater traction may be exerted. 
We have been able to control any postoperative infection by use of massive dose: 
of antibiotics. At the time a clotted atrium is found, the risk of infection seems 
slight compared with the risk from the breaking loose of a large embolus. We 
therefore feel that use of the ungloved finger is justified. After the clot is 
gently palpated, it is compressed between the index finger and the atria! 
wall (Fig. 1, a). It is then manipulated along the lateral wall of the atrium 
as far out of the appendage as can be attained without losing it (Fig. 1, b). 


Fig. 1.—a, The clot is gently compressed between the ungloved finger and the left atrial 
wall. 6, Traction is exerted on the clot, and it is manipulated into the left auricular appendage. 
A curved Kelly clamp is then inserted between the finger and the appendage. c, The clot is 
grasped with the curved Kelly clamp by sense of position. 


The assistant holding the Rumel tourniquet is told to loosen the tourniquet 
to its full extent and under no circumstances to tighten it until the order is given. 
In some cases, it may be necessary to tell the assistant to put the tourniquet 
down, as the reflex to tighten it when the second stage of the maneuver is ear- 
ried out may be very strong. It is vital when the next step is performed tha‘ 
the assistant does not tighten the tourniquet. 

Whole blood is started at this time and the anesthesiologist is asked to have 
a pressure apparatus available for pumping large quantities in quickly. 
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A curved Kelly clamp is then inserted between the finger and the appendage. 
The clot is grasped with the Kelly clamp by a sense of feel, the curved outline 
of the clamp usually following the wall of the appendage (Fig. 1, b). 


With a quick motion the finger, clot, and clamp are then withdrawn simul- 
taneously and no effort is made to clamp the appendage. <A large gush of blood 
ensues (Fig. 2, b). The hand at this time is in supination. due to the natural 
maneuver of extracting the finger and the clot from the appendage. In the 
second between supination and pronation that is almost reflexly carried out 
when the eye sees the gush of blood, it has been our. experience that any loose 
or unattached clots will wash out (Fig. 2, b). Pronation and grasping the 
appendage between the thumb and forefinger are then carried out. No effort 
to control the bleeding by the tourniquet is used as the timing necessary to give 
the two seconds of bleeding after the finger is withdrawn can be attained only 
by the operator. Controlling a bleeding auricle by pressure between the finger 
and thumb is a simple, safe, sure procedure, first demonstrated at this Clinie by 
M. T. Laey, a resident at the time. 


Fig. 2.—a, Finger, clot, and Kelly clamp are withdrawn simultaneously. No effort is 
made to clamp the appendage. The Rumel tourniquet is loose. b, Unattached clots wash 
out in the second before the appendage is grasped by the operator. 


It may be stated that the ungloved finger is used more or less routinely at 
this Clinie and, therefore, is always able to meet the emergency of finding an 
anexpected ball thrombus in the auricle. 

Four case histories in which this maneuver has been used are briefly pre- 
sented to illustrate the different types and sizes of clots that have been removed. 
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CASE REPORTS 


Case 1.—Mrs. T., a 40-year-old white woman, was referred for possible cardiac surgery 
on Jan, 7, 1954. History revealed that she was reared in Europe until she was 9 years old, 
and she had no memory of ever having had rheumatic fever. Between the ages of 2 and 9, 
she had severe whooping cough, lasting seven months, Her heart disease was detected 
twenty-two years ago, when she was pregnant with her only child, in the course of a routine 
checkup. She was very sick all through the pregnancy and was under medical supervision 
throughout. She was delivered at home. Her family physician warned her against having 
any more children. 

She had often felt tired in the past one and one-half years and had been aware of 
irregular heart action for the past three years. For three months before admission her 
shortness of breath had become more acute and she had developed paroxysmal nocturnal 
dyspnea and orthopnea. Digitalis was prescribed at this time. 

One week prior to admission she had a left hemiplegia, with a very brief period of 
weakness of the left arm and the left leg, associated with loss of speech. She recovered 
the function of speech and the use of the left arm and leg within about an hour. 

Past medical history revealed that, six years before, she had developed menorrhagia 
followed by episodes of weakness. She consulted a physician who made a diagnosis of 
fibrotic tumor of the uterus. Radium was instilled in 1949, X-ray treatments were adminis- 
tered six months later. In spite of this treatment, menorrhagia and weakness persisted. For 
this reason, in 1951 abdominal section was performed and the fibroid uterus was removed. 
This brought about the condition of surgical menopause. 

Physical examination revealed a tall, thin woman of 40 years, with dyspnea on exertion. 
Pertinent findings of the chest examination were as follows: chest was asymmetrical with 
kyphoscoliosis; examination of the lungs revealed normal breath sounds and a few moist 
sounds; examination of the heart revealed the rhythm to be that of auricular fibrillation. 
Blood pressure at the time of admission was 120/86; over the apex, a midlate diastolic 
murmur could be heard; pulmonic second sound was accentuated; no other thrills or murmurs 
were detected; and the liver was one finger below the costal margin. 

Electrocardiogram showed auricular fibrillation with a well-controlled ventricular rate 
and indicated clockwise rotation of the heart. 

Fluoroscopy revealed diffuse dilatation of the heart, The cardiac contractions appeared 
to be diminished, and the silhouette reminded one of an enlarging pericardial effusion. The 
pulmonary artery was enlarged 2 plus. The barium-filled esophagus showed definite dis- 
placement posteriorly, indicating a 2 plus enlargement of the left atrium. 

X-ray findings confirmed the findings of fluoroscopy. 

Laboratory data contained no contraindication to surgery. en was 15 Gm., 
97 per cent; red blood count, 4.97 million per cubic millimeter; and white blood count, 5,500 
per cubic millimeter. Polymorphs were 65 per cent; lymphocytes, 32 per cent; monocytes, 
2 per cent; eosinophils, 1 per cent; bleeding time, 1 min., 18 sec.; coagulation time, 4 min., 
52 see.; prothrombin time, 20 per cent, 75 per cent of normal; hematocrit, 42 per cent; 
blood sugar, 129 mg. per cent; blood urea nitrogen, 15.5 mg. per cent; total proteins, 6 Gm. 
per cent; albumin, 2.15 Gm. per cent; and globulin, 3.85 Gm. per cent, Blood serology 
was negative by Wassermann and Kahn tests. Blood type was O, Rh positive. Urinalysis re 
vealed a yellow, clear, acid specimen with specific gravity of 1.005, a faint trace of albumin, and 
no sugar. Microscopic examination of the urine revealed many epithelial cells and 6 to * 
white blood cells per high-power field. 

Preanesthetie consultation revealed a blood pressure of 115/80 in the right arm 
Pulsations were felt over the major vessels except the left dorsalis pedis. It was felt that 
when prepared, this patient would be a fair risk for surgery, and accordingly the followin: 
premedication was suggested: Nembutal, 1% grain the night before operation; Nembutal 
%4 grain two hours preoperatively; and atropine, grain 1499 when called to the operating room 
The patient was to be sent to the operating room with three to four pillows under her head. 


: 544 
4] 
| i 
~ 


JAMISON ET AL.: MANEUVER FOR EXTRACTING CLOTS FROM ATRIUM 545 


Preoperative Course.—The history, clinical, electrocardiograph, and x-ray findings pointed 
to a diagnosis of rheumatic heart disease, mitral stenosis, pericardial effusion, auricular fibril- 
lation, with functional capacity class 3 C. The cardiologist felt that there was a question as 
to whether some rheumatic activity was present at this time since a pericardial effusion was 
present. For this reason, a period of enforced bed rest was advised. She was to be observed 
and digitalized before recommendation of surgery at this time, 

On January 13, she had developed gradual numbness and weakness in the left arm and 
leg following an emotional disturbance. She also had unexplainable vomiting which was 
refractory to all measures three days prior to the onset of this hemiplegia, The episode of 
hemiplegia was treated by stellate block performed on the right side with Metycaine, 1.5 per 
cent. She was also treated with anticoagulants, heparin and Danilone. By January 21, she 
was able to extend her left foot and toes well. However, dorsiflexion and rotation of the hip 
were poor. The left arm and hand were still weak and movements clumsy. 

A conference was held with the Cardiologist on January 21. It was decided that because 
of the repeated cerebral emboli, surgery should not be delayed further. As the patient had 
been receiving heparin, this was discontinued on the following day. 

On January 23, mitral commissurotomy was performed. Pertinent details from the 
operative report follow. With the patient in the right lateral position, the left hemithorax 
was opened through the fourth intercostal space. The pericardium was markedly distended 
with straw-colored fluid estimated at 500 ¢.c. The pericardium was incised posterior to the 
phrenic nerve. A diastolic thrill was felt over the left ventricle. No systolic thrill was felt 
over the left atrium or pulmonary veins. The mediastinal vessels (left common carotid and 
innominate arteries) were isolated, and umbilical tapes passed around them. The free ends 
of the tape on the innominate artery were incorporated in a Rumel tourniquet. These vessels 
were kinked during such strategic moments as when the operator manipulated the left 
auricular appendage or during subsequent intracardiac maneuvers, 

A purse-string suture of No. 2 braided silk was passed around the base of the auricular 
appendage. The free ends of the suture were fixed to a Rumel tourniquet. A Satinsky 
‘clamp was used to grasp the auricular appendage, and a 2 em. incision was made at its tip. 
The appendage was thrombosed. The operator’s little finger was introduced into the left 
atrium and the mitral valve could barely admit the tip. Owing to the failure of digital com- 
missurotomy, both eommissures were cut. As the operator’s right little finger was withdrawn, 
a large clot approximately 3 to 4 em. in diameter was palpated lying loosely within the left 
atrium. The clot was manipulated to the left atrial wall and was compressed between it 
and the little finger. A Kelly clamp was then used to bite the clot, and the finger, clot, and 
clamp were withdrawn in one motion. The blood loss before the appendage could be grasped 
between the thumb and forefinger was estimated at 300 to 400 ¢.c., which was replaced. 

The little finger was then withdrawn from the left atrium as the purse-string suture 
at the base of the auricular appendage was tied securely. A biopsy of the auricular ap- 
pendage was submitted for histologic examination. The appendage was then oversewn with 
No. 00 cotton. The pericardium was left open for drainage. A chest tube connected to an 
underwater-seal drainage bottle was brought out through the skin over the eighth interspace 
in the midaxillary line, Ribs four and five were approximated with four pericostal sutures. 
The chest wall was closed in layers, and the skin was approximated with a continuous suture 
of No. 28 stainless steel wire. The second to the tenth thoracic vertebrae were infiltrated 
with 15 ¢.c. of 2.5 per cent Neodolamine. The patient withstood the operative procedure 
well. Following recovery from anesthesia, she was able to move her limbs, although there 
was a transient sluggishness in the movements of her left leg. A stellate block on the right 
side was performed. The patient felt better, and was returned to her room in good condition. 

Her postoperative course was essentially uneventful except for some pain in the calf of 
he right leg. In the twenty-four hours following surgery, this was treated conservatively, 
and disappeared in the next twenty-four hours. Her chest tube was removed at the end of 
‘orty-eight hours, and the sutures were removed on the twelfth postoperative day. She was 
om a maintenance dose of digitoxin, 0.2 mg. once a day. Active movements of the feet were 
*neouraged and physiotherapy was instituted during the entire hospital course. 
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She was finally discharged on Feb, 11, 1954, and was advised to take digitoxin, 2 mg. 
once a day. 


Case 2,—A 55-year-old white housewife was admitted on March 30, 1954, with a ques- 
tionable history of rheumatic fever as a child, and again at the age of 23 years, following 
her second pregnancy. At the age of 23 she was told that she had mitral stenosis, and at 
that time she noticed occasional precordial pains not requiring medication. Orthopnea had 
been present for about five years, and paroxysmal nocturnal dyspnea for two to three years. 
Onset of significant fatigue and dyspnea on exertion was two and one-half years ago. 
Dizziness had occurred several times but no syncope. She had had hemoptysis on two occasions 
in 1939. She had no definite edema or ascites. 

In September, 1953, an apparent episode of congestive failure had occurred, following 
which the patient was digitalized and given mercurials temporarily. Digitalis had been 
continued to the present time. She stated that she had been given quinidine only once pre- 
operatively for her sympathectomy in 1939. She had frequent indigestion but denied a 
cough. She described an episode of arthritis in July, 1953, at which time she was given a 
three-day period of treatment with cortisone. There was a history of possible embolization 
in September, 1953, with some symptoms in her left leg, but it was not certain whether this 
was central or peripheral. Significant associated history was Raynaud’s disease treated with 
bilateral cervical sympathectomy in 1939, and bilateral lumbar sympathectomy in 1940 with 
apparent relief of her major symptoms. 

Physical examination on admission revealed a blood pressure of 130/70 with atrial 
fibrillation. Examination of the heart revealed a sharp first sound and an apical midlate 
diastolic murmur. The pulmonic sound was accentuated 1 plus, the aortic sound was normal, 
and there were no other murmurs. 

The abdomen had healed bilateral transverse lumbar scars and healed suprapubic scars 
with a small central diastasis. The liver was palpable one finger below the costal margin. 
There were no other masses or tenderness. 

Otherwise, the physical examination was entirely normal, 

Laboratory Reports—On admission, the prothrombin time was 90 per cent. Complete 
blood count, including bleeding and coltting time, was essentially within normal limits. Com- 
plete urinalysis was essentially normal, with a faint trace of protein. Total protein was 
8.8; albumen, 5.2; and globulin, 3.6. Repeat urinalysis showed no evidence of protein in one 
specimen, and 2 plus on a second specimen postoperatively. 

Electrocardiogram on March 31, 1954, showed auricular fibrillation with well-controlled 
ventricular rate and minimal digitalis effect. : 

Preliminary x-ray showed a circular area of calcification in the gallbladder area. 

X-ray of the Chest, Fluoroscopy, and Preliminary Cardiac Studies——The heart was 
slightly enlarged; configuration and chamber enlargement were consistent with mitral stenosis. 
Postoperative x-rays showed moderate pleural reaction and good expansion of both lung fields. 

Brachial artery tracing on April 7, 1954, showed no evidence of aortic stenosis or 
insufficiency. 

Hospital Course—Weight on admission was 116 pounds with only a 6-pound loss on 
mercurial diuretics. She was afebrile on admission. After preliminary studies were com- 
pleted, the patient was brought to surgery on April 9, 1954. 

Pertinent Portions of the Operative Note.——The pericardium was opened approximately 
1 em. inferior and parallel to the left phrenic nerve. A purse-string suture was placed in the 
base of the appendage and attached to a Rumel tourniquet. A Satinsky clamp was then applied 
to the base of the appendage, and the distal segment of the appendage was opened. The left 
atrial appendage contained both old and new clots peripheral to the area enclosed by the 
Satinsky clamp, After carefully irrigating and flushing the distal extremity of the left atrial 
appendage, the Satinsky clamp was removed for a few seconds, and it was permitted to bleed. 
As no clots washed out, the auricle was apparently clear. Accordingly, a finger was inserted, 
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but it was soon detected that a free clot approximately the size of a walnut was lying in 
the posterior extremity of the left atrial wall. The clot was compressed between the index 
finger and the lateral wall of the left atrium and manipulated to the appendage. A Kelly 
clamp was then placed along the index finger, the Rumel tourniquet was loosened, and the 
clot was evacuated. Bleeding was controlled by digital compression of the appendage after 
the clot was evacuated. After this, commissurotomy was carried out by the instrumental 
method, opening the valve from a size less than a finger tip to one and one-half fingers with 
the production of an estimated 4 ¢.c. of regurgitation. No aortic disease was detected by 
palpation. 

Postoperatively, the patient developed a rapid atrial fibrillation rate up to 144 and 
was given additional doses of Cedilanid. She responded well, with the rate remaining around 
100. Blood pressure was well maintained throughout. Both lung fields expanded well. 
There was no significant trouble with secretions. Intake and output were adequate. Chest 
drain tubes were removed on the second postoperative day. 

Beginning on April 19, 1954, the patient developed a right upper quadrant distress 
and fullness in her abdomen with some tenderness in the liver area. There may have been 
some enlargement of the liver, but exact examination was difficult because of tenderness. 
All sutures were removed on April 20, 1954. Later this day she complained again of more 
severe abdominal pain, There was some elevation of temperature and some rebound pain 
and referred pain in the right upper quadrant. Urinalyses were essentially normal. Flat 
plates of the abdomen taken on April 22, 1954, suggested caleulus in the gallbladder area, 
and cholangiograms were ordered. 

Pathologic Report on Surgical Specimen (April 9, 1954).—Blood clot of recent origin, 
auricular appendage, myocardial fibrosis. 

Fluoroscopy postoperatively showed no evidence of fluid collection. There was good 
mobility of both domes of the diaphragm. The right upper quadrant tenderness subsided, 
and temperature returned to normal range. 

The patient was discharged improved on April 24, 1954. 


CASE 3.—A 49-year-old white woman, who had had a questionable history of rheumatie 
fever at the ages of 7, 9, and 19 years, was admitted April 4, 1954. A heart murmur was 
known apparently only the past few years. She had a history of pneumonia at the age of 
34 years, and had had dyspnea on exertion for the past ten years, more noticeably progressive 
during the past two years. Exercise tolerance was reduced to a limitation of a walk of 
1% blocks or one flight of stairs. She had been hospitalized two years before for congestive 
failure and had been taking digitalis since. Mercurials averaged once per week for the past 
three years. She had had no quinidine. She had been on salt restriction for two years. Ankle 
edema has been intermittent for two years. She had had a sensation of fullness in her 
epigastrium, but no definite ascites or hemoptysis. She had had a nonproductive nervous 
cough for some time, 

Physical Examination.—Blood pressure was 130/90. Examination of the heart revealed 
a soft, long diastolic murmur with a snapping first sound at the apex. A soft, diastolic 
murmur, best heard in the left second, third, and fourth interspaces, was extremely faint in 
the aortic area. No systolic murmurs were audible. There were a few fine rales at the bases 
posteriorly with no wheezes or rhonchi, and no dullness. The liver was palpable one finger- 
breadth below the costal margin. There was no edema of the lower extremities. There was 
no thrill palpable. The aorta was normal in size, but, at the base, there was a faint rough 
systolic thrill together with a distinct early diastolic thrill. The heart was enlarged, pre- 
dominantly in the right ventricle, which was enlarged about 2 plus with the left ventricle 
being slightly enlarged. The rhythm of the heart was regular although the myocardium was 
somewhat irritable on manipulation. The anterior descending artery was noted to be tortuous 
but not hardened. The left atrium was enlarged to about 2 plus, with the appendage en- 
larged to about the same degree. The appendage was fibrillating and was somewhat distended. 
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Over the left ventricle was felt a distinct diastolic thrill, but over the left atrium no thrill 
was noted. Any changes in this thrill and those palpated over the base of the aorta were 
not noted because of hypotension, 

Laboratory Findings——Complete blood count, including bleeding and clotting times, 
and serology were normal on admission. 

Bilirubin was 0.1 and 1 minute, total 0.4. Chlorides and sodium were normal preopera- 
tively. In postoperative blood counts, red blood cells and hemoglobin were within normal 
limits. 

Urinalysis showed proteinuria, but repeat blood counts were within normal limits. 

X-rays.—Preliminary cardiac studies indicated left atrial and right ee? enlarge- 
ment consistent with acquired mitral valvular disease. 

Electrocardiogram on admission revealed atrial fibrillation with well-controlled ventricu- 
lar rate. Digitalis effect was present. There was suggestion of right ventricular hypertrophy 
and strain. 

Brachial artery tracing was performed on April 22 and showed an anacrotie notch, and 
some delay in systole suggested some degree of aortic stenosis. 

Surgery was performed on April 26, 1954. Pertinent points follow. Findings showed 
the pulmonary artery was enlarged about 3 plus. 

Operative Procedure.—The pericardium was incised anterior to the phrenic nerve to give 
a better exposure of the left ventricle for the aortic dilatation. The left auricular appendage 
was then purse-stringed with No, 3 Anacap silk on an Atraumatie needle and was then 
opened in the routine manner. At this point, the organized clot already mentioned was noted ; 
and, after freeing some parts of it, the left atrium was flushed adequately to get rid of 
whatever thrombi could be flushed out. At this point, the finger was inserted and the mitral 
valve was explored. As previously mentioned, the mitral valve opening was less than a finger 
tip in size. After digital pressure, the anterior commissure was split, giving a resultant 
opening of 114 fingers, As previously mentioned also, a 2 ¢.c. regurgitation was felt pos- 
teriorly before the mitral commissurotomy. There was a resultant 4 ¢.c. regurgitation in the 
same area after the procedure. Following the commissurotomy, the examining finger felt 
a large fresh thrombus in the left atrium, which was carefully removed by clamping with 
a long, curved forcep and pulling it while the purse-string suture was fully loosened in order to 
flush it out together with some free thrombotic particles. 

The patient’s blood pressure then dropped to 80 systolic by palpitatory methods with 
the pulse hardly perceptible. In the meantime, the purse-string suture was tied, and the 
appendage was held from being oversewn until after aortic commissurotomy. As soon as 
the blood pressure rose to 110 systolic with corresponding improvement of the pulse, the left 
ventricle was purse-stringed about its apex where a dimple was felt. After making a stab 
incision in the purse-stringed area, the beaded wire was inserted way beyond the aortic valve 
as felt by the left thumb and index fingers at the base of the aorta. The incision was then 
widened by further slitting with the knife, and the war head of the aortic dilator was in- 
serted beyond the aortic annulus. Then, the valve was dilated three times by opening the 
aortic dilator. The dilator was then pulled out and the myocardial incision was repaired with 
mattress stitches of No. 000 cotton. 

Incidentally, before the insertion of the dilator, two cross stitches of No. 3 cotton were 
placed opposite each other beyond the line of the purse-string. These cross stitches were 
utilized during the closure of the myocardial incision. Remarkably, this helped to prevent 
bleeding as usually encountered during the closure of the myocardial incision. Following the 
repair of the myocardium, it was noted that the heart was beating very feebly and slowly. 
At the same time, the pulse was noted to be 60 per minute while the blood pressure was about 
80 systolic. The left auricular appendage was then oversewn and preparation to close the 
chest as rapidly as possible was made in order that the patient could be turned on her back 
for the improvement of her pulse and blood pressure. Hemostasis was noted to be adequate 
as the chest cavity was flushed with saline, A thoracotomy tube was inserted in the ninth left 
lateral interspace, and the ribs were approximated. 
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The chest was quickly closed. As soon as the patient was turned on her back, some 
improvement in her blood pressure and pulse was noted, and she was returned to her room 
in fair condition. 

Postoperative Cowrse—After surgery, the temperature spiked to 101° F. rectally, but 
returned to a normal range by the seventh postoperative day. Her postoperative course was 
extremely uneventful with the exception of slight abdominal distention. Chest tubes were 
removed by April 28. A few basal rales persisted, but cleared fairly well on coughing. The 
patient had a good aortic second sound postoperatively with a very soft systolic murmur in 
the aortic area on the left. No mitral murmur was present. A very early diastolic murmur 
became audible in the pulmonic area. The aortic second sound remained good throughout. 
All sutures were removed by May 7, with the wound healing well. Because of a slight weight 
gain, the patient was given additional mercurial therapy. 


She was discharged improved, on May, 11, 1954, with instructions to continue digitalis. 


Case 4.—A 38-year-old white woman was admitted on July 28, 1954, with a history 
of known heart disease since her first pregnancy seventeen years before, with precordial pain, 
hemoptysis, shortness of breath, and fatigue. The heart murmur was detected nine years 
prior to this present admission. Since January, 1954, she had hemoptysis and ankle edema 
on several occasions. She had three-pillow orthopnea and, for the past seven years, dizziness 
on several occasions, She had been on digitalis since 1944. There was nothing pertinent 
in the family history, but the father died of cancer of the liver. 

Physical examination revealed a well-developed, well-nourished woman who appeared 
in no acute distress at the time of admission. Pertinent findings in this physical were 
confined to the chest. The chest was of normal configuration. It was symmetrical with equal 
expansion in both sides. Examination of the lungs revealed normal breath sounds and no 
adventitious sounds. Examination of the heart revealed auricular fibrillation with a rate of 
96 per minute. The pulse was 80 per minute and the pulse deficit was 16 beats per minute. 
The blood pressure was 120/88. The systemic review was negative. On auscultation, there 


‘was a sharp mitral first sound with a mid-diastolic murmur at the apex. There was a slight 
systolic murmur over the aortic area with a good aortic second sound. 


Fluoroscopy revealed a slender thoracic cage with clear lung fields, a 2 plus heart of 
mitral contour, no calcification in the aortic or mitral areas. There was a 2 plus outflow 
‘ract of the right ventricle. The left atrium was enlarged 2 plus. The pulmonary artery 
segment was 2 plus enlarged. The peripheral pulmonary vessels were not engorged very much. 
X-ray studies confirmed findings on fluoroscopy. 

Laboratory data contained no contraindications to surgery. Hemoglobin was 12.1 Gm.; 
white blood count, 8,500; polymorphs, 60 per cent; lymphocytes, 29 per cent; eosinophils, 1; 
stab forms, 2; hematocrit, 43 per cent; bleeding time, 1 min., 15 sec.; coagulation time, 5 
nin., 25 sec.; blood serology, negative; blood type, B Rh positive; blood urea, 18 mg. per cent; 
‘otal proteins, 7.2 Gm. per cent; albumin, 4.8 Gm. per cent; globulin, 2.4 Gm. per cent; and 
urinalysis, yellow, acid with specific gravity at 1.035 and a trace of protein but no sugar. 
‘he patient was digitalized for surgery and was fibrillating prior to surgery. 

At the medical conference on July 30, 1954, a mitral commissurotomy was approved. It 
vas felt that, after the mitral valve had been opened, the aortic valve should be palpated to 
ee if significant aortic stenosis was present. If this was slight, as seen on the brachial 
irtery tracing, and accompanied by a faint aortic systolic thrill, it might be best left alone. 

The patient was originally scheduled for surgery on Aug. 2, 1954, but the operation was 

incelled in view of her rapid weight loss, presence of some sugar in her urine, and an elevated 
‘ -dimentation rate and blood urine nitrogen, The lungs were clear. She was again scheduled 
1 Aug. 6, 1954, and a mitral commissurotomy was performed. 

Pertinent Portions of the Operative Note.—The pericardium was opened anterior to 

‘ e phrenic nerve. The left auricular appendage was thrombosed. A purse-string suture was 
aced around the base of the left auricular appendage and the appendage was opened. An 
d healed thrombus was removed from the auricular appendage. In addition, the Satinsky 
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clamp was unfastened and the auricular appendage was opened for a few seconds whil 
the contents of the left atrium were permitted to bleed freely. During this maneuver, : 
small recent thrombus was expelled from the left atrium. This was held with the finge: 
A Kelly clamp was inserted and the thrombus was grasped, after which the finger and thi 
Kelly clamp, with the thrombus, were removed and the blood within the atrium was permitte: 
to flow freely. Thus the second thrombus from within the left atrium was removed. 

The mitral valve was finger tip in size, with approximately 1 ¢.c. of regurgitation throug! 
the valve orifice prior to commissurotomy. It was impossible to perform a good commis 
surotomy using the finger anteriorly, although a small amount was effected. Therefore, on 
cut with the knife was taken, after which the commissure was easily split to the anterior wal) 
giving a resultant 1% finger opening with a minimal increase in the regurgitation. Ther 
was a slight regurgitation near the anterior commissure. The finger was withdrawn. Th 
auricular appendage was closed using the previously placed purse-string suture. Then it wa 
oversewn with two continuous layers of No, 000 atraumatic cotton. 

Postoperative Course.—The patient’s postoperative course was essentially uneventfu: 
The maximum temperature that she ran was 102° F. which frequently subsided followin; 
tracheal aspirations, The sutures were removed on the twelfth postoperative day. The pa 
tient was discharged fifteen days postoperatively in the care of her family physician. 


DISCUSSION 


In Case 1, the surgeon had to make the decision of whether to perforn 
surgery on a patient who had just recovered from a cerebral embolus, with pos 
sible risks of brain damage from hypotension, or to wait for further recover) 
and risk the occurrence of a second embolus. In several previous cases, it has 
been our experience that it is best to perform surgery as soon as the patien' 
shows stabilization or definite signs of return of motor funetion after paralysis. 

The auricular appendage was so small in this ease that the surgeon was 
able to insert only the fifth finger. One of the authors (Jamison) has found 
that this is a very safe and efficient method of dealing with a small, thrombosed 
appendage. If the fifth finger does not have sufficient strength to open the valve, 
a guillotine knife can then be used. 

Case 2 is interesting in that the patient had Raynaud’s disease in addition 
to the rheumatie fever. An attempt was made to wash out any clots in the 
atrium by merely opening the Satinsky clamp. This proved ineffectual in that 
a large clot was subsequently palpated in the left atrium. This shows the need 
for an additional technique to deal with these clots rather than merely bleeding 


the appendage. 


In Case 3, flushing the appendage by opening the Satinsky clamp was 


sufficiently effective to enable the operator to get his finger to the valve. Ai! 


loose clots in the appendage were removed by this. The large atrial clot wa: 
palpated after a commissurotomy and was in the posterior, superior aspect ©° 


the atrium.* 


In Case 4, the clot was very small, not over 1 em. in diameter. The manip. - 
lation of extracting it was much easier in that the diameter of the index fing« 
was slightly wider than the diameter of the clot. However, a clot of this sir > 
in the cerebral or popliteal artery could easily cause death of the tissue involve: . 


*The two stay sutures that were placed before aortic dilatation are similar to thc 
first used by Dr. Claude Beck in controlling wounds of the ventricular musculature. They a 
adequately described in Orr’s Textbook of Surgery. The sutures are placed just outside t 
area of the purse-string and have been found to give additional hemostasis and safety. 
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SUMMARY 


1. A maneuver for extracting a pedicled ball thrombus from the auricle is 
presented. This maneuver is comprised of three parts: (1) compressing the clot 
between the ungloved index finger and auricle; (2) extraction of the clot by 
finger traction and grasping with a Kelly clamp; and (3) getting rid of any 
loose particles by allowing the unclamped auricle to bleed freely during the time 
between pronation and supination of the hand. 

2. Use of the fifth finger in entering a small or thrombosed appendage is 
deseribed. 

3. Application of the hemostatic cardiac mattress sutures to the perform- 
ance of aortic commissurotomy is described. 
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ADDENDUM 


Since this article was submitted for publication, four consecutive additional cases have 
heen operated on successfully using this maneuver to extract the clots from the atrium, with 
no deaths or complications from emboli. 
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GAS VOLUME CORRECTION TABLE FOR CARDIOPULMONARY 
LABORATORIES 


JoHN C. Kovac, F.C.C.P., Peter Pautos, M.D., AND CoNSTANTINE ARABADJIS 
New York, N. Y. 


N THIS communication the authors hope to save investigators in cardio- 
pulmonary laboratories much tedious labor in their daily calculations by 
laying before the reader a table of corrections of gas volumes from various 
spirometer temperatures to body temperatures of 36° C., saturated with water 
vapor and at ambient barometric pressures. 
By the simplest mathematics one ean deduce the following equations from 
the elementary gas law to correct for temperature variations in a dry gas. 


= (1+0.00367 T) V, 
therefore 
Yo = 
1+0.00367 T 
Vp = (1+0.00367 T,) - Vo 
substituting for V, 
1+0.00367 Ty Vi (A) 


1+0.00367 T 
Where: 

V, = volume of a dry gas at spirometer temperature °C. 

T = spirometer temperature °C. 

V. = volume of gas at 0° C. 

V, = volume of gas at body temperature of 37° C., dry 

T, = body temperature 37° C. 

Since the gases in both the spirometer and lungs are considered to be 
saturated with water vapor and since the vapor pressure of water is different 
at spirometer and body temperatures, equation (A), corrected for this wate 
vapor pressure difference becomes 


(1+0.00367 T,)  (P-Py) 


Where: 
V = volume of saturated gas at ambient pressure and body temperatur 
P = ambient barometric pressure 
P, = water vapor pressure at spirometer temperature 
Pi» = water vapor pressure at body temperature 
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Therefore the correction factor F by which the observed volume of wet gas 
at a temperature T must be multiplied in order to give the corrected volume at 
body temperature of 37° C., saturated, and at ambient pressure is given by the 
expression : 

(1+0.00367 T,) (P-P,) 
1+0.00367 T P-Pw 

Table I has been ecaleulated to give this correction factor for barometric 
pressures ranging from 640 to 780 mm. Hg and for temperatures ranging from 
15° to 30° C. 


SUMMARY 


A table of corrections is presented to convert respired air volumes to the 
volume at body temperature saturated and at ambient pressure. 
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THE USE OF EVANS BLUE TO OUTLINE THE COURSE OF THE 
THORACIC DUCT 


KEITH MERRILL, M.D. 
BROOKLINE, Mass. 


N INVESTIGATION of the more recent literature on chylothorax'® *"* 
reveals only two human eases* '* in which a dye was used to color the lymph, 
and in only one instance was it employed to facilitate the closure of a leaking 
thoracic duct. The practical value of a quick, effective, and simple method of 
outlining the course of the thoracic duct is emphasized by the possibility of 
accidental division of the duct during esophagectomy, thoracic sympathectomy, 
lobectomy, surgery of the great vessels, and radical dissections of the lower neck. 
The probability of serious consequences following posttraumatic chylothorax 
has been well described by other authors.’ 

Reports in the recent surgical literature on the management of posttraumatic 
chylothorax show that when conservative treatment by aspiration, drainage, and 
suction is unsuccessful, surgical intervention is far less hazardous than formerly. 

Cases in which the thoracic duct was successfully ligated have been de- 
scribed, and the criteria for surgical intervention have been presented.'* '* 

Usually, after accidental division of the thoracic duct, the watery fluid 
coming from the proximal end is easily observed. There are exceptional cases, 
however, in which the source of the leak is extremely difficult to find. It is 
desirable, therefore, to determine what dye could facilitate the surgeon’s find- 
ing a leak in a ruptured thoracie duct. 

While investigating the possibility of using dyes in the laboratory to out- 
line the course of lymphatie vessels, we learned that fat-soluble and water- 
soluble dyes had been used. *'* Crandall®> fed 250 mg. of Sudan IV (D6) 
in 50 ¢.e. of olive oil to a patient with a thoracie duct fistula, noted the appear- 
ance of a faint red tinge in the drainage after a latency of an hour and a half 
and observed the deepening and fading of the color over a period of approxi- 
mately six hours. Lee® noted a staining of the thoracic duct after an equal 
latency when he fed the same dye, in cream, preoperatively, to cats. We dis- 
carded this method because of its lateney and the poor contrast offered between 
the lymphaties and the structures surrounding them. 

We studied Evans Blue (T-1824) (D56), a water-soluble nontoxie dye, used 
by Drinker and Yoffey’ to outline lymphatic vessels. A 1 per cent aqueous 
solution was tested in the laboratory via the intravenous, subcutaneous, and 
intraperitoneal routes (see Table I). 

The 1 per cent aqueous solution of dye was made with distilled pyrogen-free 
water and put up in sterile glass ampules containing 2 ¢.e. each. 
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TaBLE I, LABoratory Finpines, Usina Evans Dyer To OUTLINE THE THORACIC Duct 
AND PARA-AORTIC LYMPHATICS 


TIME UNTIL | DURATION 


DYE AP- OF STAIN- 
PEARED IN ING OF 
ROUTE OF AD- | NO. OF | THORACIC THORACIC OPTIMAL COLOR OF DUCT 
MINISTRATION | ANIMALS pucT puct DOSE | LIGHT | DARK | NONE 
Subcutaneous 8 2.3 min. 12 min. 0.5 to 1.0 8 
(in lower leg) mg./kg. 
Intravenous 17 7 chr; lhr, 10 3 mg./kg. 5 Ui 5 
min, where 
observed 
Intraperitoneal il 10 min. 1 hr. 3 mg./kg. L 


We found that by administering 0.5 to 1.0 mg. per kilogram of body weight 
subeutaneously in the lower leg of dogs, cats, and monkeys, we successfully 
outlined the thoracic duct in all eases, and decided to use this method in two 
human eases. 


DISCUSSION 


It is well known that the walls of the lymphatic capillaries are permeable 
to certain dyes,* and Evans Blue is thus absorbed into the lymphatie system 
as a foreign substance, carried to the thoracic duct, linked to the albumin frac- 
tion of the serum proteins, and excreted via the gall bladder. 

The use of this dye in 1 per cent aqueous solution injected subcutaneously 
into a lower limb to outline the thoracie duct has been universally successful 
in our hands if either the duct or one of its major trunks was not ligated. It 
was found that an effective dose was 1 mg. per kilogram of body weight; beyond 
this dosage there was danger of producing widespread staining of the animal. 
In the human, doses of 0.7 to 0.8 mg. per kilogram proved adequate. We feel, 
however, that a total dose of 25 mg. should not be exceeded because of the 
possibility of deep, widespread staining of the patient’s skin. 

The advantages of this method are (1) reliability of the procedure, (2) 
ease of administration, (3) good color contrast between the thoracic duct and 
surrounding structures, (+) short latency between injection and appearance in 
the thoracic duct, and (5) the rapid fading of the stain from the injection site, 
within approximately eight weeks after injection. 

Evans Blue was used successfully in two eases. In one it helped to visualize 
the leak in the thoracie duct. In the other it determined whether or not the 
thoracie duct had been properly ligated after division. A third application of 
this technique would be the anticipatory outlining of the thoracic duct to help 
the operator to avoid damaging it in dissection involving the esophagus, the 
thoracie svmpathetie chain, the great vessels, the hila of the lungs, and structures 
at the base of the neck. 


SUMMARY 


The practical application of a quick, simple, and effective method of out- 
lining the thoracie duct in experimental animals and patients has been described. 
Two illustrative cases, one of recovery from traumatie chylothorax following 
successful ligation of the thoracic duct, have been cited. 
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OPERATIVE CORRECTION OF COARCTATION OF THE 
AORTA IN INFANTS 


Report or Two Cases 


Grorce R. Mrvnor, M.D., McLemore Birpsone, M.D., BucHaNnan McKay, M.D., 
AND JAMES P. Baker, M.D. 
CHARLOTTESVILLE, VA. 


N THE recent literature there have been a number of reports of operative 
repair of coarctation of the aorta in infants.17 The optimal age for defini- 
tive operation is unquestionably the second decade of life. It should be em- 
phasized, however, that since some infants and young children will die of 
cardiac failure long before they reach the optimal age, concern for the fate 
of an early anastomosis should not preclude an operation of immediate and 
vital importance. The following case reports confirm the observation that 
this condition is not an uncommon cause of ecardiae failure in infants and 
demonstrate the improvement which may follow surgical repair of the defect. 


CASE REPORTS 


Case 1.—J. A. S., No. 368093, a white male infant, was admitted to the University of 
Virginia Hospital Dee. 29, 1953, because of rapid and difficult respirations. His mother 
had had no complications during pregnancy or delivery. His weight at birth was 3,618 
grams. When he was six weeks of age, the family first noted an inspiratory retraction of 
the lower costal margins and, in addition, perspiration about his head, but not elsewhere. 

On admission to this hospital, the physical examination revealed a well-developed and 
well-nourished but very irritable 5-month-old infant with a large asymmetrical head meas- 
uring 43 em. in circumference. The area of cardiac dullness was increased, a moderate 
degree of inspiratory retraction of the lower end of the sternum was observed, and an 
occasional wheeze was present. Roentgenograms of the chest revealed a marked increase 
in the cardiae size, the cardiothoracic ratio being 67 per cent (Fig. 1,°4). An electrocardio- 
gram revealed a cardiac rate of 150 per minute and a P-R interval of 0.10 second, as well 
as T-wave changes consistent with left ventricular strain. The femoral pulses were absent, 
and the blood pressure in both arms was 140/90 mm. Hg. The liver was palpable three 
fingerbreadths below the right costal margin. Examination of the eye grounds revealed 
normal fundi. The urine was slightly cloudy with a pH of 7.5; and examination for sugar, 
albumin, and formed elements was negative. The hemoglobin was 10.5 Gm. per 100 c.c., 
and the hematocrit was 36 per cent. The white blood cell count was 12,800 per cubic milli- 
meter, and the differential white count was normal. 

Three days after admission the child had a rise in temperature to 102° F. rectally and 
was found to have a left otitis media which required chemotherapy and subsequent my- 
ringotomy. Angiocardiograms, done under sodium Pentothal anesthesia, revealed a normal 
aortic arch and brachiocephalic vessels, although the arch ended rather abruptly below 
the origin of the left subelavian artery. No lower aortic segment could be visualized 
(Fig. 1, B). The previous clinical diagnosis of coarctation of the aorta seemed to be con- 


firmed. 
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Skin temperatures taken with a thermocouple are recorded in Table I. 

On Jan. 19, 1954, the patient was taken to the operating room. Following induction 
with cyclopropane, anesthesia was maintained in a superficial plane with an endotrachial 
mixture of ether vapor and oxygen. The cardiac action was followed with the Cambridge 
Cardioscope.* During the operation the blood pressure ranged from 200 to 140 mm. Hg 
systolic and 100 to 90 mm. Hg diastolic. After the chest had been opened through the 
fourth left intercostal space, retraction of the lung anteriorly disclosed an obvious vaseu- 
lar abnormality in the gutter. On dissection of the mediastinal pleura, a large left sub- 
clavian artery was identified arising far down the descending portion of the aortic arch. 


Fig. 1—J. A. S.A, Posteroanterior roentgenogram. 8B, Angiocardiogram in lateral anterior 
oblique position. 


Several large intercostal vessels entered the lower aortic segment, which was separated 
from the upper segment by a marked constriction at the level of the fifth dorsal vertebra 
(Fig. 2). A palpable diaphragm could be detected at the site of greatest narrowing. 
From the mid-point of the coarctation mesially, a ligamentum measuring approxi- 
mately 2 mm. in diameter coursed forward to enter the posterior aspect of the left pul- 
monary artery. The lower segment, though of normal size, did not pulsate and was easily 
compressible. A small bronchial artery arising from the upper segment just proximal to 
the coarctation was divided between ligatures, as were two large intercostal arteries which 
converged to enter the lower aortic segment posteriorly in its upper 2 em. of length. 


TABLE I, THERMOCOUPLE SKIN TEMPERATURE READINGS (°F.) 


8. V. B. J. A. S. 

F. H. POSTOPERATIVE POSTOP. 
SITE (CONTROL ) 2 DAYS 3 MO. . 3 MO. 
Forehead 95.0 96.8 96.0 95.2 
Back — 98.8 96.0 : 96.0 
Chest) Front 95.5 98.0 95.8 96.2 
Right —_ 94.6 89.7 93.2 
Left 92.0 95.0 90.1 93.0 


Arm 
x Right 90.2 91.0 92.0 93.0 
FICS | Left 90.1 90.2 92.0 92.8 
Foot Right 89.0 94.4 91.0 91.4 
- Left 89.0 95.5 91.0 92.4 


*Off scale. 


*The Cambridge Instrument Co., Inc., Ossining, N. Y. 
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Mobilization was completed by division of the ligamentum arteriosum between ligatures. 
Potts ductus clamps were applied proximally and distally, and the area of coarctation was 
excised. Its lumen was barely sufticient to admit the tip of a silver probe (Fig. 3). The 


LT. SUBCLAVIAN A. 


METRIC! 


Fig. 3.—Narrowed segment of aorta resected from Case 1. 


duetus clamps were then approximated and a satisfactory end-to-end anastomosis was ¢con- 
structed with interrupted, everting mattress sutures of 6.0 silk on Atraumatic needles. Up- 
on cautious removal of the clamps, which had been in place a total of about forty-five 
minutes, the lower segment became taut and pulsated strongly. 
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TABLE II. CLINICAL EVALUATION OF PERIPHERAL PULSES BY PALPATION 


S. V. B. J. A. S. 
POSTOPERATIVE POSTOPERATIVE 
LOWER EXTREMITIES PREOP. 2pays | 2pays | 
Right Trace (?) 4+ 4+ 
Left Trace (?) Ae 4+ 
: Right 0 4+ 4+ 
0 4+ 4+ 
0 4+ 4+ 
Trace (?) 4+ 4+ 
Trace (?) 4+ 4+ 


Femoral 


cooocecoco 


TaBLE IIT. Case 1 (J. A. OsctLLoMeTric READINGS IN UNITS OF OSCILLATION 


3 MONTHS POSTOPERATIVE 


PRESSURE THIGHS 
MM. HG RIGHT 
170 
160 
150 
140 
130 


0.2 
0.2 
0.4 
0.7 
0.9 
1.0 
1.0 
0.7 
0.5 
0.0 


Chart I. 
J.A.S. RECORD OF ARTERIAL BLOOD PRESSURES BEFORE AND AFTER OPERATION 
January February April 


2325272931 7911 26 


Awake, 
Active 


OPERATION 


tiood Pressure in mm.Hg 


(Palpation 
Only) 


a8 
561 
LEFT RIGHT LEFT ae 
0.0 
Trace 0.0 oe 
0.0 0.1 Trace 
Trace 0.2 0.1 he. 
Trace 0.3 0.2 a 
120 0.2 0.3 0.1 0.4 0.2 os 
110 0.5 0.4 0.2 0.5 0.4 i ae 
100 0.7 0.5 0.5 0.7 0.5 oe 
90 0.7 0.7 0.5 1.0 0.7 ae , 
80 1.0 1.0 0.2 1.0 0.5 . 
70 0.7 1.0 0.2 0.7 0.2 zoe 
60 0.5 0.7 0.0 0.5 0.2 4 
50 0.0 0.5 0.4 0.0 ig 
40 0.2 0.2 Pd 
30 0.0 0.0 
oy 
12 
150 150 
| 
50 50 
| 
0 
Days 
omeo Arm 

Leg 
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The left pleural space was then washed with warm normal saline solution, and the 
lung was expanded with gentle positive pressure. The incision was closed, without pleural 
drainage, with interrupted fine silk sutures, At the conclusion of the operation the baby 
had received 150 ¢.c. of compatible blood. The blood pressure was noted to be 130/80 mm. 
Hg and the breath sounds were equal over both lungs. A strong femoral pulse was pal- 
pated bilaterally. A postoperative roengentogram of the chest revealed the left lung to 
be completely expanded. 

Two days later the feet were warm, and pulses in the lower extremities were easily 
palpable (Table II). The sweating over the head and neck had ceased; the pronounced 
irritability present preoperatively was no longer evident; and the infant began to take 
his feedings well. Oscillometric readings are recorded in Table III. He was discharged on 
the tenth day after operation (see Chart I). 

Case 2.—S. V. B., No. 366424, a 7-month-old Negro girl, was admitted to the Uni- 
versity of Virginia Hospital, Jan. 1, 1954, because of cough and fever of twenty-four 
hours’ duration. She had been delivered in the same hospital on May 27, 1953, following 
an uncomplicated pregnancy. The birth weight was 3,459 grams, and no abnormalities 
were noted. She had had brief interval readmissions to the University Hospital at 5, 7, 9, 
and 18 weeks for minor infections associated with dehydration and acidosis, and compli- 
cated by cardiac failure. In each instance she was treated by antibiotics, digitalization, 


Fig. 4.—S. V. B. A, Posteroanterior projection. B, Angiocardiogram, lateral anterior oblique 
position. 


and correction of fluid and electrolyte balance with appropriate therapy. Serial roentgen- 
grams of the chest had shown progressive cardiac enlargement. On the present admission, 
physical examination revealed an acutely ill infant who was quite small, weighing only 
12 pounds, 12 ounces (5,800 grams). Rectal temperature was 101.4° F.; pulse was 175 per 
minute; and respirations were 88 per minute. Breath sounds over both lungs were thought 
to be decreased with a tubular quality high on the left anteriorly, and wheezes were pres- 
ent throughout. The liver and spleen were palpable one fingerbreadth below the costal 
margins. The blood pressure in both arms was 180-90 mm, Hg. The femoral pulses were 
questionably palpable, and neither blood pressures nor pulses were obtainable in the lower 
limbs. A clinical diagnosis of coarctation of the aorta was made. Fluoroscopie and 
roentgenographie (Fig. 4, 4) examinations revealed a very large left ventricle. The labora 
tory work was essentially the same as on the previous admissions except for a normal 
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white blood cell count. The patient was treated with antibiotics, digitalization, and intra- 
venous fluids and improved satisfactorily. Angiocardiograms showed a thick-walled, some- 
what dilated left ventricle, and a hypoplastic aortic arch. No dye was seen below the 
origin of the left subclavian artery (Fig. 4, B). Skin temperatures (Table I), oscillometric 
readings, and blood pressure in arm and leg (Chart II) are summarized in Table IV. 


Chart II. 


S.V.B. RECORD OF ARTERIAL BLOOD PRESSURES BEFORE AND AFTER OPERATION 


March 
17 


+ 


January February 
9 13 19 22 2426 28 16 


May 
12 


(Awake & Crying) 


100+ 


Blood Pressure in mm.Hg 


50+ 


OPERATION (Palpation 
Only) 


fe) 


omeo Arm 
a— Leg 


TaBLE IV. CAsE 2(S.V.B.). OSCILLOMETRIC READINGS IN UNITS OF OSCILLATION* 


powoed RIGHT ARM RIGHT THIGH RIGHT LEG 

MM. POSTOPERATIVE POSTOPERATIVE POSTOPERATIVE 
HG PREOP. | 2 DAYS 3 MO. PREOP. | 2 DAYS 3 MO. PREOP. | 2 DAYS 3 MO. 
230 0.0 0.0 0.0 

220 0.5 0.0 0.0 0.0 
210 0.5 0.0 0.0 0.0 0.0 0.0 Trace 
200 0.5 0.2 Trace 0.0 0.0 0.0 Trace Trace 
190 0.5 0.2 Trace 0.0 0.0 Trace 0.0 0.2 0.1 
180 0.5 0.4 0.2 0.0 0.2 0.3 0.0 0.7 0.4 
170 0.5 0.5 0.4 0.0 0.2 0.4 0.0 1.0 0.5 
160 0.4 0.4 0.5 0.0 0.5 0.5 0.0 1.0 0.5 
150 0.3 0.4 0.7 0.0 0.5 0.7 0.0 1.0 0.7 
140 0.3 0.4 0.9 0.0 0.2 0.7 0.0 0.7 1.0 
130 0.3 0.2 1.0 0.0 0.2 0.4 0.0 0.7 1.0 
120 0.2 0.1 1.0 0.0 0.2 0.2 0.0 0.5 0.7 
110 0.2 0.0 1.0 0.0 0.0 Trace 0.0 0.2 0.7 
100 0.2 0.9 0.0 Trace 0.0 0.2 0.5 
90 0.0 0.7 0.0 0.0 0.0 Trace 0.2 

0.4 


b — from the left extremities approximate those recorded and are omitted for 
revity. 


| | 
4 150 
Awake, 
Active 
50 
| | 
| 
| 
| 10 20 30 40 68 a 
Days 
70 0.3 0.0 0.0 0.0 : 
60 0.2 0.0 0.0 eo 
50 0.0 0.0 0.0 5 
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On Feb. 6, 1954, the patient was operated upon. Anesthesia was conducted in a man- 
ner similar to that of Case 1. Rectal temperature was measured by means of a thermo- 
couple and maintained between 88° and 94° F. by adjusting the flow of ice water through 
a Davol mattress.* A heavy collateral arterial circulation was present in the extracostal 
muscles, The pleura was entered through the fourth intercostal space. The lung was re- 
tracted forward and downward and dissection begun in the area where the coarctation was 
suspected, From the origin of the left common carotid artery distad there was a definite 
hypoplasia of the upper segment. Immediately below the origin of the left subclavian 
artery, a mild constriction of the aorta was succeeded by a bulbous expansion. This in 
turn was connected with a commodious lower segment by a narrow coarctation 3 to 4 mm, 
in length (Fig. 5). 


SUBCLAVIAN A. 


HYPOPLASTIG| 
AORTIC ARG 


Helens 


Lortaime INCISION-~ 


Fig. 5. 


Strong pulsations were palpable throughout the upper aortic segment down to the 
point of true coarctation, below which very feeble pulsations and a strong thrill could be 
detected. The ligamentum arteriosum left the coarctated area and coursed sharply up- 
ward and forward into the posterior portion of the first part of the left pulmonary artery. 
This structure was doubly ligated with heavy silk; on division it appeared to contain a 
small but patent lumen. Three large intercostal arteries were divided between ligatures 
as they entered the lower segment, thus allowing satisfactory mobilization. The area of 


*The Davol Rubber Co., Providence, R. I, 
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coarctation and the upper segment were carefully dissected from the surrounding areolar 
tissue. Two Potts ductus clamps were applied to the aorta above and below the coarcta- 
tion, which was then excised (Fig. 6). An anastomosis, measuring approximately 7 mm. in 
diameter, was accomplished with everting horizontal mattress sutures of 5-0 silk on Atrau- 
matic needles. The procedure required approximately half an hour, and at the conclusion 
strong pulsations could be palpated in the lower segment and the thrill had completely dis- 
appeared. After lavage of the pleural space with normal saline solution the lung was ex- 
panded by gentle positive pressure and the incision was closed with interrupted sutures 
of fine silk. 

At the beginning of the operation the blood pressure was noted to be 210 mm. Hg 
systolic and the pulse was 140 per minute. Throughout the procedure the systolic blood 
pressure ranged around 140 mm, Hg, and the pulse was between 160 and 180 per minute. 
The moderate blood loss was replaced with 100 ¢.c. of blood. Weak femoral pulses, which 


metric! 


SYSTEM®" 


Fig. 6.—Narrowed segment of aorta resected from Case 2. 


prior to operation had been questionably obtainable, could now be palpated. Breath 
sounds were equal over both lungs. Shortly after the child returned to the ward, strong 
and full popliteal, posterior tibial, and dorsalis pedis pulses were palpated (Table I). On 
the first postoperative day the rectal temperature reached a peak of 101.6° F. but there- 
after was within normal range. Convalescence was uncomplicated, and she was discharged 
on the tenth postoperative day. 

The child was seen as an outpatient April 26, 1954. The mother stated that she had 
a good appetite and had been well and playful. Fluoroscopiec examination suggested that 
the cardiothoracic ratio was smaller than it had been preoperatively. Data from this and 
a subsequent visit are summarized in Table IV and Chart II. 

Both patients were seen last on May 12, 1954. In each case the parents volunteered 
the information that the children had been much improved since their operations. Both 
were eating well, a fact which was substantiated by their gain in weight. S. V. B. 
weighed 7,920 grams as compared to a preoperative weight of 6,067 grams. J. A. S. 
weighed 9,300 grams as opposed to a preoperative weight of 5,953 grams. Neither patient 
was irritable or easily upset, and it was felt by both the parents and the physicians that 
the children appeared normal in all respects for their ages. 


‘ 
| 
<= 


THE JOURNAL OF THORACIC SURGERY 


DISCUSSION 


One of the common causes of cardiac failure in infants is coarctation of 
the aorta. Early failure is undoubtedly precipitated by common infectious 
processes which entail fever, elevation of pulse, and dehydration. Indeed, the 
respiratory signs and symptoms of cardiac failure may easily be confused with 
a lower respiratory infection. In addition to these signs, however, the pres- 
ence of hepatomegaly, an obvious increase in the size of the heart itself, the 
absence of femoral pulses, and an elevation of arterial pressure in the arms 
will confirm the diagnosis for the suspicious examiner. 

Measurement of the blood pressure in the infant is not without difficulties ; 
it requires considerable patience, since pressure readings fluctuate widely with 

. physical activity. The ‘‘flush’’” technique and the palpatory method give no 
information about the diastolic level. For the auscultatory method, the small- 
est cuff (5.5 by 2.5 em.)* is satisfactory for the newborn only, and we believe 
that the readings obtained with it are deceptively high. For infants up to 1 
year of age, a rubber cuff measuring 5 by 8 em. is more trustworthy. It should 
be applied snugly and taped in place. When the artery has been carefully 
located by palpation, auscultation is best done with a stethoscope which has 
a small bell. An ordinary bell-type stethoscope from which the Bakelite end- 
piece has been removed may be lightly applied to the point of maximum pulsa- 
tion. 

Whether or not acute myocardial decompensation constitutes a surgical 
emergency is a question which can only be settled by longer experience. It 
seems obvious that progressive increase in size of the infant heart due to 
coarctation is ominous, particularly when eardiae failure has occurred. Under 
these circumstances digitalization and operative repair seem indicated. 

Following operation in each of the above eases, the clinical relief was dif- 
ficult to exaggerate. Prior to operation both infants were exceedingly irrita- 
ble, thin, and distressed by common infections; moreover, both had been in 
cardiae failure on two or more occasions. As early as the third postoperative 
day each child was relatively placid. Increase in appetite and gain in weight 
proceeded uninterruptedly. Despite the disappointingly small reduction of 
blood pressure (Charts I and II) and the slight decrease in cardiothoracic 
ratio, there has been no further evidence of cardiae failure. Should observa- 
tion over the course of several years establish that the anastomotic site has 
failed to enlarge in proportion to the adjacent segments, a second operation 
may eventually be required. But in this event these children will have been 

given an increased period of time in which to develop adequate collateral cir- 

culation. For the time being they are vastly improved. 


CONCLUSION 


Two detailed case reports have been presented of infants 18 and 30 weeks 
of age, respectively, in whom surgical repair of coarctation of the aorta has 
been successfully carried out. The indications were progressive cardiac en- 


*W. A. Baum Company, Inc., Copiague, Long Island, N. Y. 
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largement and repeated myocardial decompensation. Attention has been 
called to the singular remission of certain symptoms despite the failure of 
marked fall in blood pressure. 


We wish to acknowledge the assistance of Dr. Harold F. Chase, Anesthesiologist-in- 
Charge, Department of Anesthesiology, University of Virginia Hospital, and of Dr. Pa- 
tricia Andrews, Anesthesiologist, University of Virginia Hospital, who administered the 
anesthesia. 
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CANCER IN THE THORACIC STOMACH 


R. Aspey Cu.M., F.R.C.S. (Eprn.)* 
WARWICK, ENGLAND 


EE development of carcinoma in a thoracic stomach is unusual and the re- 

corded cases are, in most instances, cancers of the cardia in partial thoracic 
stomachs. Smithers,’ reviewing the literature up to 1950, collected eleven, in- 
cluding six personal cases, and advanced three possible explanations for the 
association of the two diseases. Since this review of the subject, cases have been 
deseribed by Dawson and Richards?; Pack, Butler, and Katz’; and Robb.* The 
incidence of the two diseases occurring together is unknown and their relationship 
to each other uncertain. Cancer of the body of the stomach developing in an 
organ entirely within the thorax is a rarity, and the case to be described has 
features of sufficient interest to justify its being recorded. 


CASE REPORT 


Mrs. S. S., aged 73 years, was admitted to the hospital under the care of Dr. R. D. C. 
Johnstone, in April, 1954, suffering from anemia of acute onset. Twenty-nine years previously, 
she had undergone a radical mastectomy for carcinoma of the right breast. In 1944, she 
had a repair of an umbilical hernia. During the course of this operation it was found that 
she had a paraesophageal type of hiatus hernia. The stomach had passed up into the chest 
but could easily be drawn back into the abdomen. It was otherwise normal. In view of 
the patient’s age, poor general condition, and the fact that the hernia had a wide neck, 
it was decided that repair of the diaphragmatic hernia should not be attempted. The 
umbilical herniorrhaphy was completed, and the patient made a good recovery. She remained 
well with no symptoms from the diaphragmatic hernia until ten days before her admission 
to the hospital. She then complained of giddiness and lassitude. The patient was well 
nourished, active, and well preserved. Apart from obvious anemia there were no physical 
signs. The blood pressure was 170/100. 

Investigations: 

Blood count: Hemoglobin 5.9 Gm. per 100 e.c. (40 per cent); red blood cells, 4,000,000 
per cubic millimeter. 

Blood wrea: 45 mg. per 100 c.c. 

Feces: Spectoscopie test for blood positive. 

Fractional test meal: Blood present in all specimens. No free hydrochloric acid. 

Radiological examination: A radiograph of the chest showed no abnormality. The 
report on a barium swallow read as follows: ‘‘A large irregular shallow crater anterior wall 
middle third of the thoracic stomach extending into the prepyloric antrum. Possibly a 
chronie peptic ulcer but highly suggestive of an ulcerating growth.’’ (Fig. 1.) 

It seemed certain that the source of bleeding was the ulcerated area in the stomach. 
The patient was given 5 pints of blood during the first week of her stay in hospital 
without detectable effect on her hemoglobin level. There was no vomiting. Operation was 
advised, and a further 5 pints of blood were given in the few days prior to operation. She 
was operated on sixteen days after admission to hospital, with a hemoglobin of 12.6 Gm. 
per 100 c.c. (85 per cent). 


Received for publication Sept. 3, 1954. 
*Consultant Thoracic Surgeon, Thoracic Surgical Unit, Warwick Hospital. 
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Operation.—With the patient in the lateral position, the chest was opened through the 
bed of the resected eighth left rib. The sac was readily seen extending upward from the 
esophageal hiatus. No adhesions between sac and lung were present. Within the sac a 
hard, craggy mass could be felt. The sae was opened, and the stomach was found within; 
it was free of adhesions and contained the large, hard uleer. No other visecus was present 
in the sae. The length of the mesenteries of the stomach were such that it could be 
delivered further into the wound or returned into the abdominal cavity with ease; and the 
first part of the duodenum was noted to be actually touching the last part of the esophagus. 


Fig. 1.—The carcinomatous ulcer is seen as a barium-filled, pear-shaped opacity overlying the 
stomach shadow at its pyloric end (which is to the patient's left side). 


A few small glands were present in the mesentery alongside the growth. It seemed neither 
necessary nor desirable to open the abdominal cavity to continue the exploration or to 
effect the anastomosis after total gastrectomy. Total gastrectomy was performed and the 
esophagus anastomosed to the first part of the duodenum from above the diaphragm, without 
division of the diaphragm or mobilization of the duodenum, The esophagus was of normal 
length. A two-layer, end-to-end anastomosis using silk sutures was carried out, and a sleeve 
of peritoneum, fashioned from sac, was used to surround this junction. The lung was re- 
inflated and the chest closed without drainage. The stomach (Fig. 2) was examined 
immediately following operation. The ulcer was clearly the source of the bleeding. Its 
base was full of friable blood clot. Removal of this produced a number of areas from 
which blood oozed. No single vessel could be found, and no other macroscopic abnormality 
was present in the whole of the stomach. 

Postoperative Progress.—The patient’s condition gave no cause for anxiety throughout. 
She received 3 pints of blood during the day of operation. She was up in the ward on 
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the third day. The test for occult blood in the feces became negative for the first time 
on the tenth postoperative day, and the patient was discharged to convalescence on the 
fifteenth day. A barium swallow showed no holdup at the anastomosis. Before and during 
the operation, the patient received a total of 13 pints of blood. 

Pathology.—The specimen consisted of an excised stomach some 18 em. in over-all 
length. At the distal end there was a large crateriform ulcer 5 em. in diameter: It was 
firm, had a sloughing base and overhanging edges. There was a carcinoma of the gastric 
mucosa which infiltrated deeply into the muscularis. There was considerable necrosis 
toward the lumen, Six lymph nodes were examined without clear evidence of invasion, 


Fig. 2.—Stomach showing the carcinoma. The base of the ulcer was filled with friable blood 
clot. No blood vessel is visible in the base. 


DISCUSSION 


Various views on the possible relationship of the diaphragmatic hernia and 
the carcinoma have been put forward to explain the double pathology. Smithers’ 
stated, ‘‘We must await the publication of accounts of further cases before we 
may draw conclusions as to the possible reasons for the development of cancer 
in these eases.’’ Pack and associates* admitted there was insufficient evidence 
to consider ectopia of the stomach a precancerous state. Belsey® expressed the 
opinion that the relationship of carcinoma of the stomach and hiatus hernia 
oceurs no more frequently than can be explained by the coincidence of two com- 
mon diseases. The present case would appear to be in the category of a for- 
tuitous association of the two diseases. The stomach had been herniated into the 
thorax for at least ten years and seemed an intrinsically normal stomach at the 
time of the patient’s operation in 1944. There was no esophageal shortening, 
and the possible effect of gastric juices in the development of cancer at the gastric 
cardia in patients with sliding hernias of the stomach is not relevant to growths 
of the body of the stomach. It is possible that such factors as reflux of gastric 
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juice, the production of esophagitis, and ulceration of the lower end of the 
esophagus may be significant in the development of carcinoma at the esophago- 
gastric junction in patients with sliding hernias of the stomach. These factors 
do not influence the mucosa of the body of the stomach. 

As well as this possible difference in etiology, there may be a difference in 
the ease with which the condition can be treated surgically. The total gastree- 
tomy performed in the case described was not as difficult as seemed probable 
from a preoperative study of the circumstances. In spite of the fact that the 
hernia was of long standing, the abdomen had been previously opened and the 
stomach contained a large uleer, there was a complete absence of adhesions 
between the stomach and the sae and the sae and the intrathoracic viscera. The 
stomach was mobile, the mesenteries long, and the first part of the duodenum 
lay directly adjacent to the lower end of the esophagus. No mobilization of 
either esophagus or duodenum was necessary for the establishment of a tension- 
free esophagoduodenostomy. In their paper, Pack, and associates* deseribe an 
almost identical case. The stomach lay in the chest and a large ulcerated c¢ar- 
cinoma was present. The total gastrectomy was performed because of severe 
bleeding, and they emphasize the ease with which the operation was carried 
out. They state that ‘‘the total gastrectomy performed within the chest was 
done with the greatest ease and speed in our experience.’’ Their case was 
described as the first recorded instance of a total gastrectomy and esophago- 
duodenostomy done entirely from within the chest. It can be said of the para- 
esophageal hernia that the stomach, as a rule, is free in the sae and the fixity 
of the sae itself is exceptional. In contrast to this, an operation for caneer of 
the cardia developing in a sliding hernia is a severe procedure. Delay in diag- 
nosis, preoperative blood loss, the early involvement of vital structures, adhe- 
sions, and perihiatal fibrosis contribute to the severity of the operation. Accord- 
ingly, the results of surgery in the recorded czses of cancer of the cardia in 
sliding hernias are, for the most part, disappointing. The presumption that 
operation in every case of cancer in a thoracic stomach will present technical 
difficulty and seriously disturb the patient is not justified, however. 


T should like to thank Dr. M. Israelski for the x-ray report. 
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PULMONARY INFARCTION FOLLOWING INTERRUPTION 
OF THE PULMONARY ARTERY 


Report oF A CASE 


Davin V. Pecora, M.D., Ray Brook, N. Y., AND 
Puiuie Cooper, M.D., PRovipENcE, R. I. 


T HAS long been known that ligation of the pulmonary artery to a portion of 

lung will not of itself cause infarction. A review of the literature and 
excellent studies on the subject were reported in 1924 by Sehlaepfer.t It was 
shown that the bronchial artery alone is normally sufficient to maintain the 
viability of the lung in animals. These findings were later corroborated by 
others such as Liebow and associates.2, That these principles hold true in man 
can be assumed from the fact that the pulmonary artery may be ligated in the 
first stage of a two-stage pneumonectomy without complication.’ Indeed, it is 
because it is felt that infarction is an unusual occurrence following ligation 
of the pulmonary artery that the following case is presented. 


CASE REPORT 


P. A. (8780), a 69-year-old white man, was admitted to the Veterans Administration 
Hospital, Providence, R. I., on Dee. 6, 1951, with the chief complaint a weight loss of 40 
pounds in six months. The patient had smoked two packages of cigarettes a day for 
many years. He claimed that he had always had a cough but that it had become more 
intense and productive during the past two to three years. No other cardiorespiratory 
symptoms were noted. Three months prior to admission, following chest x-ray the patient 
was told that he had a “growth” on the lung. Past history was noncontributory. 


Examination on Admission—The temperature was 99.4° F.; pulse, 130; respirations, 20; 
blood pressure, 160/90 mm. Hg. The patient was a fairly well-developed, undernourished man 
who appeared chronically ill. There was a moderate increase in the anteroposterior diameter of 
the chest. Dullness to percussion and bronchovesicular breathing: were present over the 
apex of the right lung. The remaining lung fields were hyperresonant to percussion. The 
heart sounds were distant and P, was accentuated. There were diminished pulsations in 
the arteries of the right lower extremity. There was no evidence of peripheral edema. 


Laboratory Findings.—X-ray of the chest (Fig. 1, 4) revealed a hazy, homogeneous 
density in the right upper lung field with shift of the trachea to the right. The heart did not 
appear enlarged. Blood count on admission showed a white blood count of 24,600; 69 per 
cent segmented neutrophils, 13 per cent stab cells; 15 per cent lymphocytes; 3 per cent 
monocytes; hemoglobin 13.0 Gm.; urinalysis was negative except for albumin 1 plus and 2 to 
4 white blood cells per high-power field. Sputum was negative for acid-fast bacilli on smear. 
Preoperative and postoperative electrocardiograms revealed changes interpreted as evidence 
of old myocardial infarction. 


Hospital Course.—Bronchoseopy was negative. Sputum cytology showed no evidence of 
malignancy. Ventilatory studies showed: maximum breathing capacity, 48.71 liters per 


From the Veterans Administration Hospital, Providence, R. I., and the Department of 
Surgery, Boston University School of Medicine, Boston, Mass. 
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minute; walking minute volume 14.94 liters per minute. Because the most likely diagnosis was 
carcinoma of the right upper lobe, it was decided that exploratory thoracotomy should be 
undertaken. It was felt that, if possible, a lobectomy would be performed. 


On Dee. 20, 1951, the patient was taken to the operating room. The right upper lobe 
was consolidated and firmly adherent to the chest wall. By blunt and sharp dissection it was 
freed extrapleurally. As right upper lobectomy was being completed, a tumor was found 
close to the level where the right upper lobe bronchus was transected. Frozen section 
revealed epidermoid carcinoma. Pneumonectomy was therefore decided upon. Accordingly, 
the main pulmonary artery was dissected free and divided. At this stage of the procedure the 
patient’s condition deteriorated, and, because of this, the operation was terminated. 


A, 


Fig. 1.—A, Chest x-ray on admission showing atelectatic right upper lobe. B, x-ray 
—_ on the sixth postoperative day. Opacity is almost entirely due to intrapulmonary 
changes. 


Postoperatively, aqueous penicillin and streptomycin were given. The patient was en- 
couraged to cough frequently, and expectorants were administered. Endotracheal suction 
was freely employed. 

Following operation the patient experienced a febrile course with a maximum rectal 
temperature of 102.2° F. On the second postoperative day the patient started to cough up 
dark, bloody sputum which gradually increased in volume. Concomitantly, the right lung 
field became increasingly opaque by x-ray (Fig. 1, B). Rhonchi, especially over the right 
chest, became more numerous. The patient’s condition gradually deteriorated until his death 
on the tenth postoperative day. 

Post-mortem examination revealed the following pertinent findings. The right 
thoracotomy wound was well healed. The right pleural cavity was obliterated by fibrous 
adhesions. The right pulmonary artery had been completely divided. The right upper 
‘obe bronchus had been transected and sutured with fine silk. There was no evidence of 
leakage. The branches of the superior vein to the right upper lobe had been ligated and 
divided. All the venous branches to the middle lobe and right lower lobe were intact. The 
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right middle and lower lobes were red, dense, and firm to palpation. The left lung was 
voluminous, crepitant, and the cut surfaces were irregularly honeyecombed. The trachea 
and the bronchi to both lungs were distended with bloody fluid, and their surfaces were 
hyperemic. The heart weighed 450 grams. It was increased in size especially in the left 
ventricular portion. Sectioning revealed scarring of the posterior ventricular wall. The 
coronary arteries were markedly sclerotic. The spleen weighed 125 grams. The liver 
weighed 2,250 grams. The lymph nodes were free from tumor. 


Fig. 2.—Photomicrograph of a portion of the right lower lobe showing the infarcted area. 


Microscopie sections of the right lung (Fig. 2) revealed a massive infarction consisting 
of homogeneously staining, “ghostlike” structures. The alveoli were filled with disintegrat- 
ing red cells, leukocytes, and hemosiderin-laden macrophages. Numerous bacteria were 
present. Sections of the liver revealed atrophy of the central two-thirds of the lobules 
with distention of the veins and sinuses with red blood cells. 

Post-mortem culture of the lung produced predominantly B. coli with a few colonies 
of A. aerogenes and micro-aerophilie streptococcus. Sections of the tumor of the right upper 
lobe revealed anaplastic epidermoid carcinoma. 


DISCUSSION 


Several possible explanations might be offered for the occurrence of pul- 
monary infarction in the case presented. It might be postulated that the 
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bronchial circulation to the right middle and lower lobes had been compromised. 
However, this is not likely since the right main and intermediate bronchi had 
not been dissected free. Furthermore, it has been shown repeatedly: > that it 
is very difficult to compromise the bronchial circulation without completely 
interrupting the bronchus supplied since the bronchial vessels ramify not only 
over the external surface but also in the submucosa of the bronchi. Cudkowiez 
and Armstrong® have recently shown that arteriosclerotic changes may oc- 
clude the bronchial arterial lumen in some instances of pulmonary emphysema. 
That this mechanism was not operable in this case may be inferred from the 
appearance of the arteries in the wall of the bronchus shown in Fig. 3. 


= 


\ 


Fig. 3.—Photomicrograph of the bronchus to the right upper lobe. Two small arteries are 
shown. 


Karsner and Ash? long ago showed that venous congestion superimposed 
upon pulmonary arterial occlusion will produce infarction. That this mecha- 
nism might have at least been a contributory factor in this case is a distinct 
possibility, as post-mortem evidence such as the enlarged left ventricle and the 
central atrophy of the liver indicate. However, no clinical signs of congestive 
failure were evident prior to death. 
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One other possible contributory factor might be mentioned. Mathes and 
associates and Tuttle and Nicoll’ showed that, while ligation of the pulmonary 
artery alone will not produce infarction, early superimposition of infection 
may produce the necrosis. 


SUMMARY 


A ease of pulmonary infarction following ligation of the pulmonary artery 
is presented. Possible mechanisms responsible for the production of the in- 
farction are discussed, 
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